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PREFACE. 


SINCE  my  firft  edition  of  Expert- 
MENTs  UPON  Phosphori,  and  their 
Prifmatic  Colours^  appeared,  feveral  mate¬ 
rial  alterations  have  been  made,  and  new 
experiments  added  ;  which  rendered  it 
neceflary  to  print  a  Second  Edition. 

In  the  purfuit  of  thefe  new  Experi¬ 
ments,  I  was  not  a  little  ftruck  with  fome 
lingular  phofphoric  appearances,  produced, 
by  folar-rays,  after  they  had  been  refrac¬ 
ted  by  a  prifm.  From  which  I  was  led 
to  fuppofe,  that  the  different-coloured 
rays  may  be  poffeffed  of  certain  properties 
which  have  hitherto  efcaped  the  obferva- 
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tion  of  philofophers.  Upon  this  founda¬ 
tion,  I  flatter  myfelf,  no  impropriety  will 
appear  in  the  title  prefixed  to  this  book. 

Thofe  new  Experiments  are  placed  at 
the  end,  under  the  article  of  Additions, 
as  they  could  not  be  inferted  with  pro¬ 
priety  in  the  body  of  tlie  Work. 

Having  in  my  Fir  ft  Edition  of  this 
Book  had  occafioii  to  make  fome  remarks 
upon  Dr.  Prieftley’s  Hiftory,  fo  far  as  re¬ 
lates  to  the  fubjedl  of  Phofphori^  I  find  that 
he  has  fince,  in  a  late  Publication^,  plain¬ 
ly  flaewn,  he  has  taken  oftence  on  that  ac¬ 
count.  For  in  that  Piece,  a  converfation 
is  introduced  between  himfelf  and  Dr. 
Fliggins;  wherein  the  latter  is  reprefented 
as  having  thrown  out  fome  reflecftions 
againft  the  Author  of  thofe  Experiments, 
for  the  liberty  he  had  taken  in  pointing 
out  Dr.  Prieftlcy’s  inaccuracies.  It  is 
not  my  intention  to  enter  into  difoutes 
with  any  one  ;  and  for  that  rcafon  I  de- 
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dine  publifliing  a  letter  I  lately  received 
from  Dr.  Higgins,  wherein  he  declares 
that  the  part  of  the  converfation  which 
relates  to  me  has  been  iinfreprefented^ 

The  matter  might  have  refted  here, 
had  not  Dr.  Prieftley  himfelf^  in  another 
of  his  f  Publications,  plainly  difcovered 
fome  degree  of  warmth  againft  me,  upon 
the  fame  account.  For  he  does  not 
fcruple  in  his  Preface  to  that  Work,  to 
accufe  me  of  ?ieglige?jce  ;  afferting  that, 
when  I  had  animadverted  upon  him 
for  fpeaking,  in  his  Hiftory  of  light,  &c. 
“  of  paper  being  red  hot  and  cooled  again^ 
I  ought  to  have  looked  into  the  printed 
errata  of  his  book,  where  I  fhould  have 
found,  for  red  hot^  read  very  hot. To 
this  perhaps,  it  may  be  a  fufficient  anfwer 
to  fay,  “  that  in  the  copy  I  had,  which 
‘‘  was  purchafed  of  his  own  book  feller 
“  in  boards^  fome  time  after  it  was  pub- 
lifhed,  (in  which  conditio7t  it  ftill  re- 
‘‘  mains)  there  were  no  printed  errata-f  fo 
far  as  I  could  the7t  perceive.  But,  left  I 
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might  be  miftaken,  I  have  again,  upon  Dr. 
Prieftley’s  allegation,  carefully  examined 
the  fame  copy  of  his  book,  and  Jlill  find 
that  there  are  not  any  errata  to  be  found 
in  any  part  of  it. 

Befides  this,  the  Dodor  charges  me  with 
a  want  of  candour,  in  not  correding,  what 
he  himfelf  had  left  ^;^correded  :  affirm¬ 
ing,  that  if  my  copy  of  his  books  wanted 
the  printed  errata^  I  ought  to  have  fup- 
plied  the  place  of  it  with  a  little  candour, — 
Had  I  made  alterations  in  the  expreffions 
of  fo  fenfible  and  accurate  a  writer  as 
Dr.  Prieftley,  would  not  this  have  been 
taking  a  liberty,  which  neither  he  himfelf 
perhaps,  nor  the  world,  would  have 

thought  juftifiable  ? - -But,  though  my 

copy  of  his  book  wanted  the  printed  er¬ 
rata^  yet  will  not  the  Dodor  allow,  that 
I  have  fupplied  the  place  of  it  with  fome 
degree  of  candour,  when  I  affure  him, 
that,  in  this  fecond  edition  of  my  Experi- 
me?tts^  (previoufly  to  the  appearance  of  his 
late  Publication)  I  had  left  out  the  re- 
7hark^  which  fo  much  difpleafed  him, 
merely  upon  a  reprefentation,  made  to 

me 
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me ‘forne  time  ago,  by  a  Friend,  who  is 
alfo  a.  Friend  of  his,  that  the  paffage 
in  his  book,  upon  which  I  had  animad¬ 
verted,  was  an  error  of  the  prefs  ? 

Before  I  difmifs  this  difagreeable  fub- 
jedl,  I  am  obliged,  in  duty  to  myfelf,  to 
obferve  further,  that  Dodlor  Prieftley,  in 
the  fame  Preface,  perhaps  contrary  to  - 
that  fpirit  of  candour^  which  he  expedis 
from  others  ;  at  leaft  contrary  to  that 
law  of  charity,  which  thinketh  no  evil^ 
is  pleafed  to  affert,  that  ‘‘  I  take  every 
“  opportunity  of  cavilling  at  his  Hijlory"' 
Upon  which  I  muff  obferv^e,  ‘‘  that  I 
defire  to  cavil  at  no  man,”  but,  fo 
far  as  is  conhftent  with  a  free^  can¬ 
did^  and  impartial  enquiry  into  truths  to 
live  peaceably  with  all  men.  Wherever 
I  have  found  myfelf  obliged  to  differ  in 
opinion,  either  from ^  Dr.  Prieftley,  or  Fa¬ 
ther  Beccaria,  I  have  always  expreffed  my 
diffent  from  them  with  all  the  refpedl  due 
to  their  literary  merit  :  nor  has  any  thing 
elfe  been  the  occafton  of  my  differing  from 
either,  but  the  refult  of  certain  fads  and 
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experiments.  I  agree  with  Doctor  Prieft- 
ley,  “  that  Father  Beccaria  is  a  philofo- 
‘‘  pher  of  fuch  a  clafs,  as  entitles  him 
to  the  greateft  refped:  but  cannot 

acquiefce  in  the  inference  he  would  draw 
from  it ;  That  Beccaria’s  concluhons 
fhould  not  have  been  controv^erted 
becaufe,  if  Dr.  Prieftley’s  opinion  of  the 
prefent  age  be  juft,  that  Philosophers 
are  making  fuch  hafty  ftrides  towards 
perfediion,  in  every  branch  of  fcience, 
that  it  is  to  be  hoped  every  year  will 
produce  difcoveries  equal  to  all  that 
were  made  by  a  Newton^  or  a  Boyle ; 

- why  may  not  the  difcoveries  and 

conclulions  of  Father  Beccaria,  which 
were  made  fome  years  hnce,  be  fuppofed 
capable  of  being  controverted^  (according 
to  the  Doctor’s  own  fanguine,  and  pleaf- 
ing  expectations)'  by  fome  philofopher  in, 
a  Jiibfequent  year  of  improvement  ?  But 
then,  according  to  the  Dodlor,  it  muft 
not  be  every  philofopher,  to  whom  the 
ho?2or  of  controverting  F.  Beccaria’s  con- 
clufions,  is  referved  :  for  I  obferve,  he 
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afferts  in  the  fame  place  §,  that  thefe 
‘‘  conclulions  of  F.  Beccaria’s  fhould 
have  been  controverted,  but  upon  much 
better  grounds  than  Mr.  Wilfon’s.” — 
Indeed  Mr.  Wilfon  (who  never  loved  to 
make  any  oftentatious  parade  of  the  little 
knowledge  he  pofieffes)  cannot  fay,  that 
his  ftridl  attention,  in  i/s  more  obfcure 
philofophical  retirement,  to  induftrious 
refearches  after  truths,  has  given  him  op¬ 
portunities  of  boafting  fo  extenjive  and 
brilliant  an  acquaintance,  as  it  feems  the 
Dodlor  has  been  dijiingiiijhed  by.  Nor 
xdoes  he  conceive  what  intrinlic  merit  he 
could  have  derived  as  a  philofopher,  from 
the  extent  and  brilliancy  of  fuch  a  dijlinc- 
tio7t^  had  it  fallen  to.  his  lot :  neverthe- 
lefs,  as  a  plain  fnafiy  and  a  plain  philofo- 
pher^  he  has,  in  the  beft  manner  he  was 
able,  induftrioully  applied  himfelf  to  one 
capital  objed:,  namely,  a  fearch  after  phi¬ 
lofophical  truths^  in  an  unw.earied  attempt 
to  make  what  difcoveries  he  could,  for. 


§  Page  1 8. 
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the  promoting  ufeful  knowledge.  Now, 
why  may  not  fuch  a  plain  philofopher  (with 
the  good  Doctor’s  gracious  leav^e)  be  fup- 
pofed  capable  of,  at  leaf!:  Jiiimbling  upon 
difcoveries^  which  had  efcaped  the  obfer- 
vation  o£  preceding  Philofophers,  even  of 
the  higheft  and  moft  refpedable  charac¬ 
ters?  For  it  is  well  known,  that  it  is  not 
always  men  of  “  vajl  and  comprehenftve 
‘‘  underfta7^dings^^  that  have  been  favoured 
by  Providence  with  making  difcoveries 
fometimes  the  greateft,  and  moft  ufeful  to 
the  world:  but  on  the  contrary,  (to  allude 
to  the  words  of  an  eminent  writer  with 
whom  Dr.  Prieftley  is  intimately  ac¬ 
quainted)  the  Great  Author  of  Nature  hath 
frequently  chofen  “  weak  things,”  in  the 
philofophical,  as  well  as  the  fpiritual 
world,  ‘‘  to  confound  the  mighty,  and 
‘‘  things  that  are  not,  to  bring  to  nought 

‘‘  the  things  that  are.” - Beftdes,  the 

concluftons  of  Beccaria,  whicph  this  plain 
and  obfcure  philofopher  has  contradided, 
will  I  hope  appear,  not  only  to  Dr.  Prieft¬ 
ley,  but  Father  Beccaria  himfelf,  to  be  in- 
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decijtve  ;  if  they  will  be  at  the  trouble  to 
examine  this  my  -Second  Edition  upon 
Phofphori  with  attention.  ’  The  relult 
of  which  examination  (on  the  part  of 
Dr.  Prieftley)  I  humbly  hope,  from  the 
liberal  and  ingenuous  fpirit  he  profeffes, 
of  which  he  has  already  given  us  a  tafte, 
in  that  Hijiory  of  Experiments  which  he 
ventures  to  exhibit  as  a  model  of  the  kind^ 
“  the  like  to  which,  there  is  not  in  thewhole 
compafs  of  philofophical  writing  I  fay,  I 

hope,  the  refult  will  be  a  candid  acknow¬ 
ledgement  from  the  learned  Doctor,  per¬ 
haps  much  in  the  fame  words,  as  thofe  in 
page  1 8  of  his  Preface,  (where  he  himfelf 
intimates  the  poffbility  of  his  miftake) — In 
THIS,  hpwever,  I  have  been  mistaken.. 

It  remains  only  to  aflure  the  Learned, 
that  my  experiments  were  made  with  the 
utmoft  fairnefs  and  impartiality.  This,  it 
is  hoped,  will  manifeftl^y  appear,  not  only 
from  the  apparatus  itfelf,  employed  on 
that  occalion  ;  and  from  the  confideration 
of  a  neutral  and  an  entirely  difinterefted 
perfon’s  having  repeated  the  fame  experi- 
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ment,  in  the  precife  manner  of  Beccaria 
himfelf,  with  no  better  fuccefs  than  I  had 
done  :  but  likewife  from  this  further  and 
moft  material  confideration,  namely,  the 
properties  above  fuppofed  to  belong  to 
light,  Thefe,  I  apprehend,  plam  faSis  ; 
which  are  not  to  be  fhaken,  or  overturned,, 
by  mere  furmifes. 

My  Experiments,  therefore,  mufl:  re¬ 
main  as  eftablifhed  fa6ls  at  leaft,  until 
they  are  contradidled  by  fomething 
Jlronger  than  furmife.  And  when  they 
are  fo  contradicted,  I  fliall  not  be  afhamed 
to  own  that  I,  too,  have  been  miftaken. 


December  30th,  1775. 


B.  WILSON. 
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TH  E  Bologna  Rone,  which  has  been  fo 
much  fpoken  of  for  it’s  property  of  fhining 
in  the  dark,  and  which  was  firft  difcovered  . 
by  accident,  about  the  year  1630,  engaged  the  at¬ 
tention  of  many  excellent  ^  chymifts,  and  experi¬ 
mental  philofophers,  to  examine  the  nature  of  it’s 
compofition,  and  fearch  for  the  moft  advantageous 
method  of  calcining  it,  and  making  it  luminous. 

In  confequence  of  their  diligent  refearches,  we 
find  very  different  and  ingenious  proceffes  to  make 
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phofphorl,  m  various  learned  works  :  particularly 
in  the  Berlin  ads,  by  the  celebrated  M.  Marggraaf ; 
who  in  analyhng  the  heavy  fuhble  fpar,  and  others 
of  the  like  kind,  produced  fome  very  fine  phof- 
phori.  But  no  one,  that  I  have  yet  met  with,  has 
been  more  fuccefsful,  or  has  made  a  greater  figure 
in  experiments  upon  this  fubjed,  than  the  late 
learned  Beccari  of  Bologna. 

This  excellent  obferver,  by  great  patience  and 
induftry,  joined  to  very  great  abilities  in  philo- 
fophical  enquiries,  made  many  new  difcoveries, 
which  he  publifiied,  in  two  memoirs,  in  the 
Bologna  ads  for  the  years  1744  and  1747, 
from  which  it  appears,  that  the  family  of  phof- 
phori  has  been  by  him  extended  to  an  amaz¬ 
ing  number.  Some  fiiining  with  a  greater,  and 
others  with  a  lefs,  light,  after  having  been  expofed 
to  the  fun  for  a  few  feconds,  and  then  removed 
fuddenly  into  the  dark. 

The  moth  brilliant  phofphori  which  he  dif- 
covered,  were  linen,  paper,  fome  earths,  fiones, 
gums,  and  even  the  human  ikin  :  befides  others, 
when  they  were  properly  dried,  or  roafied.  Thofe 
memoirs  containing  fo  many  curious  fads,  and 
this  undertaking  of  mine  being  a  kind  of  fequel 
to  his  difcoveries,  I  thought  it  not  improper  to 
publifh  a  tranflation  of  them  at  the  end  of  this 
work  :  as  they  may  ferve  to  illufirate  each  other, 
and  render  the  whole  of  this  enquiry  more  eafy  to 
be  underfiood,* 
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The  apparatus,  employed  by  Beccari  at  firft,  for 
bringing  bodies  fuddenly  from  the  light  into  the 
dark,  did' hot,  as  he  acknowledges,  anfwer  the  end 
required  fo  well  as  the  fccond  he  made  ufe  of. 

I  have  had  the  fatisfadion  of  trying  both  me¬ 
thods,  and  found  that  the  latter  was,  on  many 
accounts,  the  more  eligible,  and  better  calculated 
for  the  purpofe.  But  as  the  duration  of  the  phof- 
phoric  light,  mentioned  by  him,  was  fhorter  con- 
iiderably  than  what  I  have  obferved,  I  am  inclined 
to  think  that  one  difference,  at  leaft,  arofe  from  a 
difference  in  the  degree  of  darknefs  obtained,  be¬ 
tween  the*kind  of  box  he  made  ufe  of,  and  the 
fmall  clofet  I  employed  :  the  dimenlions^_oj[^  which- 
were  about  fix  feet  uy  five  and  a  hal^:  and  the 
heighth  about  nine  feet. 

It  was  painted  black,  or  covered  with  black 
baize  in  every  part  and  had  two  doors  that  were 
five  or  fix  inches  broader  and  longer  than  the  fpace 
to  enter  at.  There  were  two  curtains  of  black 
cloth  over  the  hole  where  the  hand  was  occa- 
fionally  put  out,  to  expofe  bodies  to  the  light ;  ' 
the  outer  one  confifhed  of  three  doubles,  and  the 
inner  one  of  as  many.  All  thefe  were  confiderably 
larger  than  the  hole,  which  was  about  fifteen 
inches  diameter,  and  opened  to  the  South.  There 
were  fmall  leaden  weights  faflened  to  the  bottom 
of  each  curtain,  to  preferve  them  in  their  places 
when  the  hand  was  drawn  into  the  room.  And, 
that  I  might  breathe  the  air  freely,  and  continue 
longer  in  the  clofet  without  any  inconvenience, 
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there  were  fixed  two  curving  pipes,  about  three 
inches  diameter ;  one  communicating  with  the 
external  air  from  the  top  of  the^^om'j’^and  the 
other  with  the  external  air  from  the  bottom.  The 
clofet,  in  which  I  made  thefe  experiments,  was  in 
the  houfe  of  Edward  Delaval,  Efq;  which  ftands 
in  an  open  fituation  on  the  fide  of  the  Thames, 
at  Wefiminfter. 

In  my  firfl  experiments  I  adhered  ftridtly  to  the 
rule  laid  down  by  Beccari,  of  preparing  the  eyes 
for  obfervation,  by  continuing  in  the  dark  a  f^ull 
half  hour  before  an  experiment  was  attempted  to 
be  made.  But  I  now  find  that  a  much  fhorter 
time  is  fufficient,  at  leafi:,  for  my  purpofe,  and 
with  my  eyes  j  unlefs  the  bodies  to  be  examined 
afford  only  a  very  feeble  light.  Before  I  begun  to 
make  any  new  experiments,  I  repeated  many  of 
'thofe  made  by  Beccari,  and  found  that  they  an- 
fwered,  in  general,  as  he  hath  related  them.  In  the  • 
courfe  of  thefe  trials  my  attention  was  chiefly  en¬ 
gaged  by  fuch  of  the  phofphori  only  as  appeared 
moif  brilliant :  they  being  the  befl  calculated  for 
my  purpofe  to  make  further  experiments  upon ; 
not  only  on  account  of  their  great  fplendor,  but 
the  duration  of  it.  Of  thofe  luminous  appearances 
the  experiments  upon  paper  are  not  the  leafi: 
confiderable. 

For  Beccari  having  obferved,  that  paper  would 
fliine  pretty  well  in  the  dark,  and  with  an  equable 
light  throughout,  after  it  had  been  expofed  to  the 
fun,  tells  us,  that  he  laid  a  flieet  of  it  upon  a 
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gridiron,  and  underneath  it  placed  fome  burning 
coals  j  that,  when  the  paper  had  been  heated 
enough,  he  expofed  it  to  the  light,  and  then  re¬ 
moved  it  into  the  place  of  obfervation,  where 
he  found  the  paper  fhining  with  an  uncommon 
light :  and  that,  on  thofe  parts  of  the  paper  which 
had  been  covered  with  the  bars,  there  was  an 
appearance  of  darknefs,  which  exhibited  the  out¬ 
lines  of  the  bars  terminated  with  the  greateffc 
precilion. 

The  fame  ingenious  author  mentions  another 
experiment,  in  which  he  laid  upon  the  paper  a 
pretty  thick  plate  of  brafs,  which  had  been  pre- 
vioufly  made  fo  hot,  that  it  could  hardly  be 
held  in  the  hand  3  but  not  fo  hot  as  to  hurt  the 
paper :  when  the  plate  had  made  the  paper  fuf- 
ficiently  warm,  he  expoled  it  to  the  light  as 
before,  and  afterwards  removed  it  into  the  dark. 
That  part  of  the  paper,  which  the  plate  had 
touched,  appeared  to  him  of  an  extraordinary 
brightnefs  5  and  fhewed  the  figure  of  the  plate 
perfectly  defined  :  the  other  part  exhibited  the 
ufual  light,  evenly  diffufed  all  over  it. 

This  extraordinary  effed:  of  heat  upon  paper 
mduc«..d  me  to  purfue  the  experiment  further.  Ac¬ 
cordingly,  I  had  recourfe  to  what  I  thought  a  more 
convenient  method,  as  it  feemed  better  calculated 
to  vary  the  degrees  of  heat.  This  was  nothing 
more  than  the  common  fmoothing  iron,  fuch  a,3 
women  employ  upon  linen,  into  which  there  was 
put,  occafionally,  a  red  hot  heater. 


One 
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One  day,  in  the  month  of  Augufl,  when  the 
fun  was  {billing,  I  placed  the  fmooth  furface  of  the 
heated  iron  on  a  quarter  of  a  fheet  of  white  paper, 
which  was  laid  upon  a  table,  and  continued  it  there 
for  three,  or  four,  feconds.  After  that,  the  paper 
was  placed  in  the  cylinder  of  the  firft  apparatus 
deferibed  by  Beccari,  and  in  fuch  a  manner,  that 
.  the  light  might  fliine  fully  upon  it  when  the 
cylinder  was  properly  turned.  On  expoling  this 
paper  to  the  fun  for  two  or  three  feconds,  and  then 
removing  it  into  the  dark  fuddenly,  by  turning 
the  cylinder  back  again,  a  light  appeared  fo  very 
bright,  that  I  thought  fome  accident  had  happened 
to  the  apparatus ;  and  that,  in  confequence  of  a 
fracture,  the  light  of  the  fun  had  fhone  through 
it  upon  the  paper.  After  examining  every  part 
of  the  apparatus,  and  finding  that  all  was  fecure, 
I  repeated  the  experiment  many  times,  without 
warming  the  paper  afrefh  ;  when  I  was  foon  fatif- 
fied,  that  the  extraordinary  light  on  the  paper 
was  phofphoric,  and  exhibited  the  exad:  fhape 
of  the  iron.  The  other  part  of  the  paper  Ihone 
alfo,  but  fo  faintly,  that  it  looked  like  a  fliade 
compared  with  that  fplendid  appearance. 

Upon  warming  the  paper  again  with  the  fame 
iron,  and  repeating  the  experiment,  by  expofing  it 
to  the  light,  I  placed  the  heated  iron  upon  a 
part  of  the  luminous  appearance  for  about  two 
feconds.  By  this  treatment,  as  much  of  the  phof¬ 
phoric  light  as  the  iron  covered,  and  no  more, 
was  totally  extinguifhed.  This  extraordinary  ef- 
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which  does  not  appear  to  have  been  oh- 
ferved  by  Beccari,  excited  my  attention  j  and  ftill 
the  more  fo,  upon  finding,  that,  when  the  paper 
was  expofed  again  to  the  fun,  the  brightnefs  was 
reftored. 

The  experiment  was  therefore  varied,  by  trying 
the  effedt  of  the  fame  iron,  when  it  was  cold. 
Accordingly,  immediately  after  the  light  upon  the 
paper  was  renewed  as  before,  I  placed  the  cold 
iron  upon  the  luminous  part,  and  continued  it 
there,  in  different  trials,  from  two  or  three,  to 
eight  or  ten  feconds,  without  being  able  to  per¬ 
ceive  that  it  had  any  effedt  upon  the  light. 

After  this,  the  effed:s  of  other  fubflances  were 
tried,  when  they  were  in  the  fame  ftates  both  as 
to  heat  and  cold.  And  firfl  with  refpedl  to  heat. 

Having  heated  a  fmall  piece  of  gold,  I  laid  it 
in  the  middle  of  the  luminous  part  of  the  paper, 
and  continued  it  there  for  two  or  three  feconds  5 
after  that,  on  removing  it,  a  dark  fpot  appeared 
upon  the  paper,  exad;ly  the  fize  of  the  gold  :  this 
dark  fpot  became  luminous  again  by  expofing  it  to 
the  light. 

Silver^  and  other  metals,  when  they  were  made 
equally  hot,  produced  the  fame,effe(51;. 

I  then  heated  a  piece  of  marble;  after  that, 
a  ftone  of  the  grit  kind ;  alfo  glafs,  and  two 
or  three  different  forts  of  wood and  obferved, 
that  each  of  thofe  produced  the  fame  effe<51:  as  the 
heated  iron,  &c. 

The  experiment  was  repeated  with  all  thefe 
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fubftances,  when  they  were  In  a  cold  ftate,  but 
not  one  of  them  had  any  effed  upon  the  luminous 
appearance. 

Now,  as  all  thofe  bodies  were  applied  in  contad 
with  the  paper,  the  experiment  was  varied  again, 
by  fuffering  thofe  bodies  to  approach  no  nearer  to 
it  than  about  the  30th  part  of  an  inch.  • 

For  this  purpofe  I  provided  myfelf  with  a  cir¬ 
cular  rim  of  brafs  this  I  laid  upon  the  phofphoric 
light  of  the  paper,  and  then  placed  the  heated  iron 
upon  the  brafs  rim :  and  though  the  times  of 
continuing  the  iron  upon  it,  were  varied,  yet  the 
heat  had  no  effed  upon  the  luminous  part  ^  except 
where  the  brafs  rim  was  in  contad  with  the  paper, 
and  there  it  appeared  more,  or  lefs,  dark  in  pro¬ 
portion  to  the  heat  which  the  different  parts  of  the 
brafs  had  acquired  from  the  iron. 

Having  feen  the  effeds  of  heated  folid  bodies 
upon  the  phofphoric  light,  I  was  follicitous  to 
obferve  the  effeds  of  fluids,  when  in  the  fame 
iflate,  upon  the  fame  luminous  appearance. 

To  this  end,  whilfl;  the  paper  continued  fliining, 
a  part  of  it  was  dipped  in  boiling  water.  This 
treatment  prefently  extinguifhed  the  luminous  ap¬ 
pearance.  Upon  expoling  the  paper  again  to  the 
fun,  though  in  it’s  moiftened  flate,  the  fplendor 
revived  :  but  it  was  not  then  quite  fo  bright,  as 
before  it’s  immerfion  in  the  water. 

In  very  hot  oil,  the  phofphoric  light  did  not  dif- 
appear  fo  foon  :  on  expofing  the  paper  again  to  the 
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fun,  it  ihone  fomething  brighter,  than  when  it 
was  moiflened  with  water. 

Thefe  different  fluids,  in  their  cold  ftate,  had 
but  little  effe(ft  upon  the  luminous  appearance,  or 
upon  the  duration  of  it.  And  I  find  fince,  that 
Mr.  Du  Fay  had  made  the  fame  obfervation,  by 
dipping  other  fubflances  in  cold  water. 

In  the  making  of  thefe  experiments,"  I  was  a 
little  furprized  with  a  fingular  and  unexpected 
appearance.  For  when  the  hot  oil  was  brought 
into  the  clofet,  where  I  had  continued  for  a  con- 
fiderable  time,  I  obferved  that  the  oil,  as  well  as 
the  bafon  which  held  it,  were  both  difcernible ; 
and  likewife  feveral  objeCts  that  happened  to  lie 
near,  without  the  afliftance  of  any  light  from 
without. 

Befides  this  unexpected  appearance  I  mufl  rnen- 
'  tion  another  which  the  heated  iron  produced : 
though  I  have  found  fince,  that  M.  Marggraaf  had 
obferved  the  fame  effeCt  with  the  fufible  fpar,  when 
he  expofed  it  upon  a  hot  plate  of  iron. 

It  was  this  :  after  the  heated  iron  had  made  the 
luminous  part  of  the  paper  dark,  I  continued  the 
iron  upon  it  ,for  eight  or  ten  feconds  more.  In 
confequence  of  this,  a  new  phofphoric  light  was 
exhibited,  without  expofing  it  afrefh  to  the  fun. 
The  brightnefs  of  this  light  was  about  equal,  in 
degree,  to  half  of  that  phofphoric  light  which  the 
fun  produces  on  paper.  Upon  examining  the 
paper  in  the  open  day,  there  appeared  only  a  very 
tender  yellowifh  tinge  in  thofe  parts  with  which 
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the  iron  had  been  in  contact.  And  perhaps  it  may 
be  worth  obferving,  that  this  paper,  notwithftand- 
ing  the  tender  tinge  it  had  acquired,  would  fhine 
very  well  in  the  dark,  upon  prefenting  it  again  to 
the  fun. 

But  I  found,  that  whenever  the  paper  happened 
to  be  more  •  burnt,  fo  that  it’s  colour  was  con- 
fiderably  darker,  and  bordered  upon  blacknefs,  it 
would  not  produce  any  light  by  being  expofed  to 
the  fun. 

Linen,  treated  in  the  fame  manner  as  the  paper, 
in  all  the  preceding  experiments,  exhibited,  very 
nearly,  fimilar  phofphoric  appearances  :  except  that 
fome  fine  linen  flione  confiderably  brighter  than  a 
^coarfer  kind ;  and  that  the  duration  of  the  light, 
from  linen  in  general,  was  very  near  twice  as  long 
as  that  which  paper  exhibits.  Yet  I  have  met 
with  fome  infiances  where  very  coarfe  linen  has 
afforded  a  very  bright  light,  which  lafied  full  as 
long  as  the  light  produced  from  a  finer  fort  of 
linen. 


I  now  laid  afide  the  cylinder,  upon  finding  fe- 
veral  inconveniencies  arifing  from  the  ufe  of  it : 
and  in  it’s  place  I  put  the  other  apparatus,  con- 
fifiing  of  the  black  curtains,  &c.  This  I  continued 
to  employ  during  the  whole  time  of  my  future 
refcarches  :  but  with  this  difference,  that  I  was 
obliged  to  fhut  my  eyes  at  all  times  whilfi  I  ex¬ 
pofed  the  bodies  to  the  fun,  on  account  of  the 
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light  which  entered  the  clofet  by  the  unavoidable 
opening  of  the  curtains. 

Loaf  fugar  not  only  fhines 


but  may  be  made  a  much 


proper  application  of  heat.  I  found  this,  by  ex- 
poling  it  in  contad:  with  the  fmooth  part  of  the 
heated  iron  ;  which  was  not  hot  enough  to  melt 
the  fugar,  but  only  fufficient  to  leave  a  whitiHi 
glofs  upon  it’s  furface. 

This  improved  light,  which  the  fugar  exhibited, 
I  endeavoured  to  increafe  further,  by  a  variety  of 
means ;  and  particularly  by  melting  very  fmall 
quantities  of  it  upon  a  card,  with  the  allillance 
of  the  heated  iron  ^  but  thefe  trials  did  not  anfwer 
my  expectations.  However,  my  frequent  attempts 
produced  a  very  lingular  effeCt,  which  in  it’s  con- 
lequences  was  of  conliderable  ufe  in  my  re- 
fearches. 

The  fmoothing  iron,  by  repeated  experiments, 
and  thofe  for  feyeral  days  together,  was  grown 
foul  with  the  fugar,  and  perhaps  other  matter, 
flicking  to  it ;  fome  of  which  were  melted,  and 
others  not.  I  neverthelefs  continued  to  ufe  it  in 
the  ftate  in  which  it  was.  ^  One  day,  on  preffing 
the  iron  upon  a  card,  where  a  little  powdered 
fugar  had  been  previoully  laid,  and  which  was 
melted  by  the  heat  of  the  iron,  I  obferved,  after 
drawing  in  the  card  from  the  light,  a  mod;  beau¬ 
tiful  gree/2  appearance  in  feveral  parts  of  the  card, 
and  exceedingly  brilliant  j  it  refembled  the  co- 
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lour  of  a  very  fine  emerald  in  the  light  of  the 
fun.  Perhaps  the  novelty  of  it  might  prejudice 
me,  and  induce  me  to  think  it  brighter  than  it 
really  was.  The  duration  of  it  was  as  long  as 
that  of  the  white  light  in  other  parts  of  the  card. 
When  the  green  colour  vanilhed,  I  renewed  it 
many  times,  and  during  four  or  five  days,  by  only 
expofing  the  card  again  to  the  fun. 

Several  times  afterwards,  the  fame  experiment 
was  repeated  upon  two,  or  three,  other  cards  with 
equal  fuccefs.  But  I  foon  found,  that  it  was 
not  always  in  my  power  to  produce  it,  notwith- 
llanding  every  means  almofi:,  that  could  well  be  de- 
vifed,  were  made  ufe  of  in  numberlefs  attempts. 
All  thele  trials  fatisfied  me,  that  the  green,  pro¬ 
duced  above,  muft  have  depended  upon  fome  cir- 
cumftances  which  I  am  not  yet  acquainted  with. 

Beccari  has  obferved,  that  fugar  would  fiiine, 
not  only  upon  it’s  furface,  but  within  it’s  fub- 
ftance  throughout.  I  found  the  obfervation  true, 
by  breaking  it,  and  even  pounding  it  >  for  all  the 
parts  continued  equally  luminous. 

I  then  plunged  in  cold  water  fome  frefldy  en¬ 
lightened  lumps,  without  being  able  to  obferve 
any  alteration  in  their  fplendor.  The  duration  of 
this  light,  in  the  water,  was  nearly  as  long  as  that 
from  other  lumps  which  were  out  of  the  water.  . 

In  this  place  I  muft  obferve,  that  the  phofphoric 
light  ceafes  before  the  fugar  is  intirely  diftblved  r 
and  though  hot  water  difiblves  fugar  much  fooner 
than  cold  water,  I  could  neverthelefs'^perceive  a 
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light  for  two,  or  three,  feconds  after  it’s  immcr- 
fion  :  and  this  appearance,  I  conjedture,  was  owing 
to  the  water,  and  perhaps  the  heat,  not  being  able 
to  penetrate  it  immediately. 

White  fugar-candy  iliines  alfo  in  cold  and  hot 
‘water,  after  it  has  been  expofed  to  the  light,  and  r 
for  a  longer  time  refpedlively.  And  though  loaf- 
fugar,  and  fugar-candy,  •  are  immerfed  in  cold 
water  for  a  few  feconds,  they  will  afterwards,  even 
in  their  moid  date,  diine  afreili  upon  expoling 
them  again  to  the  fun. 

Among  a  variety  of  experiments  upon  vegeta¬ 
bles,  Beccari  difcovered  that  bread,  when  it  is 
a  little  toafted,  fliines  very  well.  I  do  not  find 
that  the  light  thereof  penetrates  farther  than  the 
furface  of  it ;  becaufe,  on  breaking  it,  the  new 
furfaces  are  totally  dark.  On  trying  bread,  which 
was  not  toafted,  I  obferved  that  it  would  Ihine, 
but  the  light  it  exhibited  was  rather  weak  \  and 
that  may  be  the  reafon  why  Beccari  did  not  ob- 
ferve  it. 

The  light  which  gum  arable  affords,  anfwers 
fully  Beccari’s  defeription  of  it.  Gum  copal  fhines^ 
lefs  than  gum  arable,  except  when  it  is  very  well 
dried  by  a  fire,  and  then  it  is  a  very  good  phof- 
phorus.  Both  thefe  gums  fhine  nearly  as  well 
in  cold  water,  and  almofl  for  as  long  a  time,  as 
in  air. 

Cotton,  is  no  inconfiderable  phofphorus ;  at  ^ • 
lead,  it  is  as  good  as  paper  without  the  application 
of  heat. 
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IN  the  animal  kingdom,  I  find  that  joiners  glue 
fiiines  confiderably  better  than  bread  imtoafted  ; 
and  if  it  be  expofed  to  the  fire,  till  it  is  extremely 
well  dried,  fo  as  to  fwell  and  change  it’s  colour 
to  a  lightifh  yellow,  it  will  exhibit  a  very  fine 
yellowifli  light,  which  will  flaine  in  cold  water  for 
a  confiderable  time,  and  nearly  as  bright  as  in  air. 

Some  bones  fiiine  better  than  others,  efpecially 
if  they  are  properly  dried  :  at  the  fame  time  there 
are  others  which  do  not  aiford  any  light,  at  lead:, 
that  I  could  perceive. 

Hair,  and  wool,  are  alfo  fubjedl  to  thine,  though 
not  in  any  great  degree;  but  even  thefe  difibr  alfo 
in  that  refpedt ;  for  fome  hair,  as  well  as  fome 
wool,  thine  better  than  others  :  but  wool  in  general 
fliines  confiderably  brighter  than  hair. 

Feathers,  give  a  little  phofphoric  light  ;  the 
white  appear  the  beft ;  the  yellow  ones  next ;  red 
and  green  the  lead: ;  but  the  quill  part  diines,  in 
general,  better  than  even  the  white  of  the  feathers. 

There  are  few  diells  but  what  diine,  and  fome 
fo  confiderably,  that  they  exceed  the  light  which 
paper  exhibits  :  for  example,  oylber-diells,  cockles, 
and  v/hat  is  called  the  fcuttle-filh. 

I  have  tried  a  great  many  other  fubdances  in 
this  divifion,  but  I  decline  giving  any  account 
of  them,  as  Beccari  hath  obferved  the  fame  in 
a  very  able  manner ;  belides  many  more  that  are 
exceedingly  curious. 


BECCARI  has  given  us  a  great  variety  of  fine 
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phofphori,  in  the  mineral  kingdom.  His  diligence 
has  been  fo  great  in  this  part  of  nature,  that  I 
had  very  little  hopes  of  adding  any  thing  conhder- 
able,  which  might  be  worthy  of  notice.  However, 
I  was  determined  to  purfue  my  obfervations  upon 
fuch  fubftances  as  were  the  moil  phofphoric :  but 
not  without  fome  expedtations  that  chance,  and  in- 
duflry,  would  in  time  difcover  fomething  more 
deferving  my  attention,  than  barely  feeking  for 
the  moft  brilliant  phofphori. 

Contrary  to  Beccarfs  plan,  I  examined  the  gems 
hrft ;  notwdthftanding  they  had  been  diligently  at¬ 
tended  to  by  him,  Du  Fay,  and  others. 

Among  thofe  that  are  phofphoric,  there  are 
many  diamonds,  and  fome  of  dilferent  colours, 
which  fhine  very  well,  and  appear  lucid  through¬ 
out.  There  are  others,  and  thofe  very  fine,  that 
give  little  or  no  light;  which  agrees  with  the  ob¬ 
fervations  made  by  Mr.  Boyle,  Du  Fay,  Bec- 
-cari,  &c. 

However,  I  had  a  fingular  opportunity,  by  the 
favour  of  Lord  Pigot,  of  examining,  in  the  dark, 
his  exceeding  fine  diamond ;  it  being  the  mod 
valuable  one  in  this  kingdom  from  it’s  water  and 
-fize,  and  weighing  two  hundrpd  grains.  The  great 
lullre  and  magnitude  of  it,  though  unfet,  were 
flattering  circumflances  that  it  would  exhibit  a 
confiderable  phofphoric  light.  But  our  expec¬ 
tations  were  greatly  difappoin’ted  upon  making  the 
experiment.  For  inFead  of  perceiving  a  brilliant 
phofphoric  appearance,  we  only  were  able  to  ob- 
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ferve  light  enough  from  it  to  pronounce  it’s  pre- 
fence,  after  it  had  been  expofed  to  the  fun.  The 
degree  of  this  light  did  not  exceed  that  produced 
from  the  red  and  green  feathers  mentioned  be¬ 
fore. 

i‘he  fame  nobleman,  who  was  extremely  oblig¬ 
ing  and  ready  to  promote  the  enquiry  I  had  in 
.  hand,  produced  a  large  brilliant  drop,  which  was 
alfo  unfet.  This  diamond  gave  no  better  light 
than  the  former. 

But  a  large  yellow  diamond,  fet  in  a  ring,  and 
which  belonged  to  Lord  Pigot,  exhibited  a  very 
"ood  light,  that  lafted  feveral  minutes. 

O  O' 

Some  diamonds  of  lefs  value,  which  were  alfo 
fet,  and  fome  of  different  colours,  were  phofphori : 
but  fome  of  thofe  fhone  better  than  others. 

Two  rubies,  a  faphire,  topaz,  and  aqua  marine, 
which  were  very  large  and  fine  of  their  kind,  gave 
no  light. 

The  opal  gave  a  pretty  good  light,  but  a  fine 
emerald  only  an  indifferent  one. 

The  cat’s  eye  made  as  indifferent  an  appear¬ 
ance:  but  a  very  large  pearl  in  Lord  Pigot’s  col¬ 
lection  fucceeded  better :  the  light  of  which  be¬ 
ing  nearly  equal  to  that  which  paper  gives  with¬ 
out  heat,  and  the  duration  of  it  was  about  twelve 
feconds. 

.  Befides  thefe  gems,  I  was  favoured  with  feve¬ 
ral  more  of  confiderable  value  by  Lord  Seaforth : 
and  particularly,  a  yellow  diamond  that  was  fet 
tranfparently,  which  gave  a  moderate  light,  though 
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it  rained  at  the  time  of  obferving  it.  I  mention 
the  circumftance  of  tranfparency,  becaufe’ the  yellow 
diamond,  belonging  to  Lord  Pigot,  which  is  de- 
fcribed  above,  had  a  foil  underneath  it, 

MARBLES,  have  been  obferved  by  Beccari  to 
fhine  with  a  conliderable  degree  of  light  :  but  I 
find  that  Portland  fiione,  and  a  whitifli  ilone  of  the 
grit  kind,  which  is  very  common,  and  found  in 
England,  Ihine  a  great  deal  better  than  marbles, 
or  even  alabafter,  or  lime-ftone. 

Some  mortar,  from  an  ancient  part  of  the  Tower 
of  London,  exceeded  the  grit  fione;  and  even  chalk, 
which  had  been  burnt  in  the  fire  for  fome  time. 
The  light  diffufed  over  thofe  bodies  did  not  appear 
to  penetrate  any  farther  than  their  furfaces  :  for, 
upon  fcraping,  or  fcratching  them,  there  was  ft 
total  darknefs  underneath. 

Flints,  differ  very  much  in  the  degrees  of  phof- 
phoric  light  they  afford ;  the  clearefl  kind  having 
the  advantage ;  and  thofe  feem  to  fhine  internally* 
as  well  as  externally.^  I  have  made  the  fame  obfer- 
vation  upon  many  fpars,  and  fome  cryftals. 

A  very  fine  fpecimen  of  fpar  from  Derbyfhire, 
of  a  cubic  form,  flione  as  bright  as  fugar  in  it’s 
improved  Rate  by  heat.  And  when  it  was  plunged 
in  cold  water,  the  light  continued,  very  nearly,  as 
long  as  in  air.  But  in  hot  water  this  was  not 
the  cafe ;  for  the  light  difappeared  in  a  quarter  of 
the  time.  This  fpar,  befides  many  others,  as 
well  as  various  other  fubflances,  and  efpecially  if 
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they  happen  to  be  of  an  inflammable  nature,  Ihine 
in  the  dark,  merely  by  the  application  of  heat.  It 
/  ^  is  the  fame  with  a  kind  of  greenifli  fpar,  or  fluor, 
from  Sweden.  This  fluor,  expofed  to  the  light, 
rf  «>^«k*U.-^,fhines  full  as  well  as  fugar  in  it’s  common  ftate. 

But  what  appears  remarkable,  is,  that  though  it 
is  not  one  of  the  mofl:  brilliant  phofphori,  yet 
the  lioht  it  aifords  continues  above  flx  minutes. 

•  O 

This  obfervation  feems  contrary  to  Beccari’s  rule, 
namely,  that  bodies  fhine  the  longer,  the  brighter 
they  are  :  now  fome  of  the  brightefl;  phofphori  that 
I  have  hitherto  obferved,  do  not  lafl;  above  thirty 
fcconds. 

Beccari  obferves,  that  tutty  will  fhine  on  the 
convex,  and  not  on  the  concave  part :  this  lall; 
circumhance  is  mentioned,  as  I  find  the  concave 
part  does  give  a  light  j  but  then  it  is  a  feeble  one 
compared  with  the  other. 

White  arfenic  affords  a  light  almofl;  as  bright  as 
paper  in  it’s  common  flate. 

Corrofive  fublimate  gives  a  weaker  light  con- 
fiderably. 

The  flowers  of  zinc  produce  a  better  light  than 
corrofive  fublimate  :  and  fometimes  the  colour  of 
them  was  inclinable  to  the  orange. 

IN  examining  a  variety  of  calcareous  bodies,  I  ob¬ 
ferved  in  general,  that  they  exhibited  about  a. middle 
degree  of  light  betv/een  the  brightefl,  and  faintefl:, 
phofphori  I  have  yet  met  with.  The  light  of 
molt  of  them,  however,  was  increafed  by  a  partial 
calcination  of  them  in  a  crucible ;  and  in  fome, 

more 
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,  more  than  in  others  :  particularly  lime-ffcone, 
chalk,  and  oyfter-fhells.  Among  the  laft,  I  fome- 
times  imagined  there  were  faint  appearances  of 
colours.  In  two,  or  three  Ipecimens,  I  am  cer¬ 
tain  of  having  obferved  an  orange  colour,  and  a 
very  tender  blue.  But  not  meeting  with  the  fame 
appearances  on  others,  after  repeated  experiments, 
the  purfuit  was  given  over  for  that  time. 


AMONG  the  neutral  falts,  Beccari  mentions 
borax  as  fliining  with  a  confiderable  degree  of 
light ;  but  he  has  not  told  us,  whether  it  was  re¬ 
fined  or  not.  The  phofphoric  light  from  either 
the  native,  or  refined  borax,  I  have  not  found  the 
lead  remarkable.  The  latter  hath  the  advantage 
over  the  other :  but  the  light  even  from  borax 
refined,  is  not  brighter  than  that  which  fugar  ex¬ 
hibits  without  the  application  of  heat. 

•  When  borax  is  calcined^  the  light  it  affords,  is 
greatly  improved :  but  not  near  fo  much  as  when 


it  is  calcined  in  contadt  with  chalk,  though  the 


chalk  itfelf  is  not  calcined.  The  fplendor  given 
by  this  compofition,  when  it  is  properly  made,  is 
very  great ;  and  very  near  equal  to  the  mod  bril- 
liant  phofphori  I  have  yet  ine^  with.  ^3 

It  was  after  a  variety  of  trials,  and  without  ' 
fucceeding,  that  I  thought  of  putting  a  lump  of 
borax  into  an  iron  diovel,  and  afterwards  the  fur- 
face  of  a  large  lump  of  chalk  upon  the  borax, 
while  it  was  melting.  In  a  little  time,  part 
of  the  chalk  incorporated  with  the  borax,  and 
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formed  a  kind  of  calx,  which  fpread  from  under 
the  chalk  in  large  feather-like  forms,  curling  up¬ 
wards.  The  heat  was  continued  only  till  all  the 
borax  was  reduced  to  a  calx.  The  upper  furface 
of  this  calx  was  the  part  that  fhone  fo  bright ; 
the  under  furface  being  confiderably  lefs  bright : 
and  the  chalk  itfelf,  that  was  untouched  by  the 
borax,  gave  only  the  light  that  is  common  to  it ; 
this  appeared  as  a  pretty  ftrong  fhade,  compared 
with  the  very  great  fplendor  of  the  calx  on  it’s 
upper  furface. 

After  this,  I  combined  borax  with  many  other 
fubftances,  fuch  as  gypfum,  oyfter-fhells,  lime- 
ftone,  fulphur.  See.  but  the  light  they  exhibited 
was  not  near  fo  bright. 

I  then  examined  the  fedative  fait,  made  both  by 
calcination,  and  fublimation  :  as  likewife  the  foffil 
alcali.  Each  of  thofe  gave  a  light  nearly  equal,  in' 
point  of  brightnefs :  and  very  near  equal  to  borax 
calcined  alone. 

In  the  courfe  of  thefe  experiments  I  ,was  ob- 
.  ferving  the  phofphoric  effe(5ls  of  different  pieces  of 
amber,  fome  of  which  were  polifhed,  and  others 
not.  The  poliflied  ones  gave  a  much  better  light 
than  the  others ;  but  even  thofe  w^ere  not  quite  fo 
bright  as  paper  without  the  application  of  heat. 
Having  the  heated  iron  at  hand,  I  placed  one 
of  the  polifhed  pieces  upon  it.  In  a  very  little 
time,  a  reddifh  intenfe  light  appeared  to  dart  from 
one  end  of  the  amber  to  the  other :  but  this  light 
feemed  inftantaneous,  and  refembled  very  much  the 
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eled:ric  light.  At  the  fame  time  there  was  a  kind 
of  crackling  noife  attending  it :  which  created  a 
fulpicion  that  the  amber  had  been  injured  by  the 
heat.  But,  upon  examining  it  in  the  open  day,  I 
could  not  perceive  the  lead  alteration. 

I  repeated  this  experiment  with  a  large  lump 
of  amber,  which  was  not  polifhed,  and  obferved 
an  appearance  very  like  the  former ;  but  then  this 
light  did  not  extend  fo  far  :  owing,  I  fuppofe,  to- 
the  irregular  furface  not  permitting  the  iron  to  be 
in  contad:  with  it  to  fo  great  a  length. 


WHILST  I  continued  bufy  in  making  thefe’ 
kind  of  experiments,  and  with  other  fubftances 
that  were  of  an  unduous  and  fulphureous  nature, 

I  ilill  kept  in  my  remembrance  the  extraordinary 
green  light  which  had  been  obtained  from  fugar. 
The  weather  being  fettled,  and  very  fine,  it  was 
an  inducement  to  try,  once  more,  v/hether  the  green 
light  might  not  be  produced  by  fome  other  means. 
And'  as  I  knew  that  copper,  in  certain  circum- 
ftances,  would  make  a  green  colour,  recourfe  was 
had  to  that  fubftance ;  notwithfianding  the  ex¬ 
periments  and  obfervations  which  had  been  made 
by  Beccari,  and  others,  upon  metals  in  general, 
difcouraged  me  from  it :  and  though  I  had  no  pre- 
'  tenfion  to  any  Ikill  in  chemiftry,  I  had  a  mind  to 
try  what  a  folution  of  copper  in  aqua  fortis  would ' 
do,  when  united  with  a  calcareous  fubfiance. 

Accordingly, 
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Sol.  of  Accordingly,  a  fmall  quantity  of  aqua  fortis,  not 
•  Copper;  exceeding  five  drops,  being  put  upon  a  piece  of 
''  '  copper,  and  continued  there  near  twenty  feconds, 
I  wafiied  the  folution  off  fuddenly  with  half  an 
ounce  of  frefh  aqua  fortis.  Upon  one  ounce  and 
a  half  of  calcined  oyfier-fliells,  part  of  which  hap¬ 
pened  to  be  in  powder,  and  part  not,  I  poured  the 
aqua  fords  thus  impregnated  with  copper,  and  let 
it  hand  about  fixteen  hours  j  not  for  any  particu¬ 
lar  reafon,  but  that  it  happened  to  be  moh  con¬ 
venient  on  account  of  other  bufinefs.  I  then 
poured  off  what  the  oyfter-fliells  had  not  taken  up, 
and  put  the  fliells,  which  v/ere  of  a  pafte-like  con- 
fiftence,  into  a  crucible,  and  preffed  the  mafs  down 
very  clofe.  After  this,  the  crucible  was  put  into 
a  fea-coal  fire,  that  was  pretty  hot,  and  continued 
there  near  forty  minutes.  On  taking  it  out,  and 
letting  it  cool,  the  whole  mafs  came  eafily  out  of 
the  crucible,  and  appeared  of  a  dirty  greenifli  hue 
externally.  This  mafs  I  prefented  to  the  light 
feveral  times,  and  drew  it  into  the  dark  as  often, 
vyithout  obferving  any  thing  more  than  a  weak, 
greyifh,  dirty  liglit ;  though  every  part  of  the  fur- 
face  was  properly  expofed,  and  cai*efully  examined. 
I  then  broke  a  little  off  from  that  end  which  had 
been  next  the  bottom  of  the  crucible,  and  obferved 
in  the  open  day,  a  largifli  lump  of  oyfler-fiiell, 
that  was  more  white  than  any  other  part  of  the 
mafs.  Upon  prefenting  this  bottom  part  to  the 
external  light,  and  bringing  it  back  again  fuddenly 
into  the  dark,  I  was  exceedingly  furprized  with  a 
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general  appearance  of  colours,  refembling  thofe  in 
the  rainbow,  only  far  more  vivid.  The  red  ap- 
peared  the  fined:,  and  not  unlike  that  which  we 
meet  with  in  old  painted  windows  when  the  fun 
Ihines  upon  it.  The  yellow  was  not  near  fo  in- 
tenfe,  but  very  bright,  and  lay  next  to  the  red. 
The  green  next but  this  was  rather  weaker  than 
the  yellow  and  yet  it  was  'bright,  though  con- 
fiderably  inferior  to  the  green  which  I  produced 
from  fugar.  The  blue  appeared  two,  or  three, 
degrees  fainter  than  the  green;  and  not  near  fo 
bright  as  the  '  other  colours.  In  regard  to  the 
purple  I  had  fome  doubt,  and  therefore  will  not 
infifi:  upon  it’s  being  there. 

The  whole  fpace,  thofe  colours  occupied,  was 
more  than  half  an  inch  in  length,  and  about  one 
quarter  in  breadth. 

In  confequence  of  this  curious  and  accidental 
appearance  of  the  colours,.  I  was  very  induftrious 
to  difcover  the  caufe  of  it. 

To  this  end,  I  firfi;  examined*  with  a  magnifying 
glafs,  the  white  lump  of  oyfter-fhell  where  the 
colours  appeared,  as  likewife  the  greenifh  hue  in  . 
the  other  parts  produced  by  the  folution  of  cop¬ 
per,  and  particularly  thofe  parts  next  the  con¬ 
fine  of  the  red.  Upon  doing  this,  I  obferved,  that 
there  was  a  manifefi;  difference  in  the  appear¬ 
ance,  between  the  green  ifh  hue  in  general  that  was 
dilfufed  over  the  whole  mafs,  and  that  which  was 
nearefi;  to  the  edges,  or  furface  of  the  fliell ;  for  the 
parts  of  the  copper,  which  I  fuppofe  occafioned 
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the  greenifli  hue,  feemed  to  lye  in  greater 
abundance  next  the  red  than  in  any  other  part. 
In  making  my  obfervations,  fome  parts  of  the 
oyder-ihell  that  gave  the  phofphoric  red,  crum¬ 
bled  away  by  the  flighted;  touch :  for  thefe  obfer¬ 
vations  were  made  on  the  flxth  day  after  the  co¬ 
lours  appeared ;  and  probably  this  would  not  have 
been  the  cafe  on  the  firfl;  day,  as  the  whole 
mafs  was  then  firmer  and  more  compadt. 

Some  of  thefe  colours  continued  viflble  fix  days 
at  leafl,  but  not  near  fo  diflindl  as  on  the  ifl:  and 
2d  days ;  for  the  yellow,  green,  and  blue,  were 
confiderably  fainter  than  the  red.  On  the  8th 
day  they  were  all  vanifhed,  and  a  white,  yellowifli 
light  occupied  their  places }  and  this  light  appeared 
rather  brilliant  than  otherwife.  I  have  been  very 
circumflantial  in  defcribing  this  experiment,  be- 
caufe  I  imagined  fomething  material  would  .de¬ 
pend  upon  it.  On  the  lofs  of  this  curious  fpe- 
cimen  I  was  very  induflrious  to  replace  it  by  re¬ 
peating  the  experiment.  But  further  trials  foon 
taught  me  that  it  was  not  fo  eafy  a  matter  as  I  at 
firfl  apprehended. 

However,  in  my  fecond  attempt,  I  prepared  an 
equal  quantity  of  the  fame  folution,  and  poured  it 
upon  an  equal  quantity  of  oyfler-fliells,  which 
were  taken  from  the  former  parcel.  The  whole 
mafs,  after  being  preffed  down  in  the  crucible  as 
before,  was  placed  in  the  fire  for  an  equal  time, 
and  then  expofed  to  the  light ;  after  having  broke  a 
Tittle  off  from  the  bottom  of  it,  as  in  the  other 

experiment } 
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experiment ;  but  no  colours  appeared !  and  what 
light  there  was  feemed  rather  faint,  and  of  a 
greenifli  dulky  white.  ‘  I  then  broke  the  whole 
mafs  into  a  number  of  parts,  but  they  iHll  exhibited 
the  fame  greeniili  hue  throughout. 

The  experiment  was  varied  many  ways  without 
fuccefs.  Sometimes  the  light,  frbm  different 
maffes,  in  the  different  experiments,  appeared  in 
colour  like  the  new  furfaces  of  broken  fleel.  At 
lafl;  I  begun  to  imagine,  that  larger  folid  parts 
of  the  Ihells  might  be  necellary  to  exhibit 
colours.  But  before  the  trial  was  made,  I  had  an 
inclination  to  fee  what  effed;  other  metals  would 
have  upon  the  fhells  when  treated  in  the  fame 
manner  as  I  had  done  the  copper. 

In  one  ounce  of  aqua  regia  I  diifolved  one  leaf  Sol.  of 
of  gold,  and  poured  the  folution  upon  fome  of 
the  fame  calx.  The  mafs  was  preffed  down  in  a 
crucible,  and  expofed  to  a  pretty  flrong  fire  for 
ten  minutes.  On  taking  it  out  of  the  crucible,  the 
whole  lump  appeared  of  a  purplifh  hue  by  day 
light,  and  gave  only  a  very  little  phofphoric 
light,  rather  inclining  to  purple.  The  lump  was 
then  broken  into  feveral  pieces ;  notwithflanding 
which,  every  piece  had  the  fame  purplifli  hue  in 
the  open  day,  except  two  br  three  folid  lumps, 
about  the  fize  of  a  pea;  knd  thofe  appeared  more 
white,  and  freer  from  the  purple  tinge.  On  ex- 
poling  thofe  to  the  light,  and  drawing  them  back 
into  the  dark,  a  yellowifh  white  light  appeared ; 
and  round  about  them,  to  a  fmall  diftance,  the 
light  was  fainter ;  but  it  had  a  little  red  and  blue- 
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ifli  hue.  The  general  efFed:  upon  my  eyes,  at  a 
greater  diftance,  was  a  kind  of  tender  flame  co¬ 
lour. 

Thefe  pieces  becoming  moifl:  in  three  or  four 
days,  I.expofed  them  again  to  the  fire,  in  a  cur- 
cible,  for  ten  minutes  more.  By  this  treatment, 
thofe  folid  parts  exhibited  a  very  good  red  through¬ 
out;  no  traces  of  the  other  colours  being  left.  But 
this  red  was  not  near  fo  intenfe  as  the  former  one 
with  copper. 

Upon  expofing  thofe  fpecimens  to  the  fire  in 
a  crucible  for  ten  minutes  more,  all  the  red  ap¬ 
pearance  vanifhed,  and  a  palifli  white  light  fuc- 
ceeded. 

A  folution  of  a  leaf  of  filver  in  aq.  fortis,  mixed 
with  powdered  fliells  as  before,  produced,  in  a 
folid  part  of  the  fame  fhells,  a  faint  reddilh  purple 
with  a  little  yellow,  and  a  larger  quantity  of  blue. 
The  general  effed  of  thofe  colours  at  a  greater 
diftance,  was  not  unlike  that  of  the  opal  :  but  it 
did  not  lafl:  above  twelve  fcconds.  After  that,  a 
pale  bluifli  white  light  took  place. 

Thefe  lafl  experiments  encouraged  me  to  try 
larger  pieces  of  fhells.  Accordingly,  having  pro¬ 
cured  fome  calcined  fliells  that  were  pretty  thick, 
I  broke  them  into  convenient  pieces,  for  the 
purpofe  of  putting  them  into  a  fmall  crucible.  I 
preferred  having  Jeveral  of  thofe  pieces  at  the  fame 
time  in  the  crucible,  that  I  might  have  the  greater 
chance  of  obtaining  the  colours  I  was  in  fearch  of. 
Upon  thefe  pieces  of  fhells  I  poured  a  fimilar  folu¬ 
tion 
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tion  of  copper,  and  then  placed  the  crucible  with 
the  fhells  in  the  fire  for  about  twenty  minutes. 

The  feveral  pieces  were  afterwards  examined  in  the 
dark,  after  they  had  been  expofed  to  the  fun.  In 
confequence  of  employing  thofe  folid  fiiells,  I  ob-; 
tained,  at  lafi,  a  view  of  the  colours  I  fo  indufiri- 
oufly  had  fought  after  :  for  there  appeared  a  variety 
of  fine  fpecimens  of  different  colours  on  moft  of 
thofe  folid  pieces.  The  red  and  blue  appeared 
mofi;  lively  ;  next  to  them  the  yellow  and  green  : 
as  to  the  purple,  it  was  ftill  very  doubtful. 

That  I  might  not  be  led  into  any  error  in  thofe  Cal.fhdls. 
appearances  of  colours,  from  the  fiiells  themfelves 
pofiTefling  that  property,  without  the  addition  of 
any  foreign  mixture,  but  merely  by  calcination  ;  I 
examined  a  large  parcel  of  them,  that  had  been 
properly  calcined  in  a  crucible  with  a  view  to  other 
experiments.  Among  thofe  were  found  a  few,  as  ' 

I  have  obferved  before  upon  another  occafion,  that 
did  exhibit  a  faint  appearance  of  prifmatic  co¬ 
lours  ;  but  the  red,  which  was  mofi;  vivid,  rather 
inclined  to  the  orange.  Thefe  I  laid  afide,  and 
made  ufe  of  fuch  only  as  gave  a  white  light. 

It  may  not  be  improper  to  add,  in  this  place, 
an  obfeivation,  or  two,  that  I  made,  refpedling  the 
crucibles  in  which  the  fliells'  were  calcined }  and 
upon  the  fhells  themfelves  after  calcination.  By 
fome  accident,  or  perhaps  by  the  fire  itfelf,  the 
crucibles  were  fometimes  cracked.  The  fliells, 
in  this  cafe,  were  generally  more  coloured  than 
when  the  crucible  was  not  injured.  Another  ob- 
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fervation  was,  that  thofe  edges  and  corners  of  the 
fhells,  which  happened  to  touch  the  lide  of  the 
Crucible,  frequently  exhibited  an  orange-coloured 
phofphoric  light.  The  novelty  of  thofe  curious 
appearances  did  not,  however,  interrupt  the  other 
experiments  I  had  in  view. 

I  gave  a  preference  to  calcined  oyller-fliells  for 
the  bafis  of  my  work,  in  confequence  of  a  great 
variety  of  experiments,  which  had  been  previoufly 
made  upon  many  calcareous  bodies. 

N.  B.  Wherever  I  fpeak  of  {hells  as  having  been 
calcined,  I  wifh  to  be  underftood,  that  I  do  not 
mean  a  perfeB  calcination,  but  only  a  certain  ap¬ 
proximation  to  that  {late. 

Sol.  of  A  folution  of  half  a  leaf  of  gold,  in  one  ounce 
gold.  qP  regia,  was  put  upon  fome  pieces  of  {hells 
in  a  crucible,  and  continued  in  the  fire  for  twenty 
minutes.  The  {liells  acquired  the  purplifii  hue 
mentioned  before,  and  exhibited  a  very  little 
phofphoric  light  in  the  dark,  except  in  a  few 
parts,  which  had  not  partaken  of  the  purple  hue  ; 
and  on  thofe  parts  there  appeared  a  little  red,  and 
bluilh  light.  I  was  fomewhat  difappointed  in  this 
experiment,  as  I  expedled  to  have  found  the  co¬ 
lours,  not  only  broader  and  brighter  but,  more 
in  number.  I  had  therefore  the  curiofity  to  re¬ 
move  the  purple  hue,  by  fcaling  the  {hells  tenderly 
with  the  point  of  a  penknife.  After  this,  the 
new  furfaces  were  expofed  to  the  light,  one,  by 
one  j  and  then  examined  in  the  dark  :  when  a 
bright  red,  yellow,  green,  and  blue,  appeared  on 
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forne  of  thofe  furfaces,  and  only  red  and  blue  on 
others.  Two  of  them  were  faint,  and  exhibited  a 
kind  of  flame  colour. 

This  lafl:  experiment  was  repeated,  but  with  a 
folution  of  fllver  in  aq.  fortis.  The  colours  here 
were  more  vivid  than  thole  produced  by  gold ; 
particularly  the  red  and  blue.  Whether  any  dif¬ 
ference  in  the  degree  of  heat,  employed  in  the 
two  experiments,  (the  duration  of  which  being 
nearly  the  fame)  was  the  caufe  of  the  difference  in 
their  colours,  I  cannot  tell ;  or  whether  it  might 
not  arife  from  fomething  elfe  which  efcaped  my 
obfervation  j  thefe  are  circumftances,  however, 
which  may  fome  time  or  other  be  afeertained 
by  others  :  my  defign,  in  thefe  refearches,  being 
only  to  relate  the  fadls  as  I  really  found  them. 

A  folution  of  iron  in  aqua  fortis  with  the  lliells 
producetTthe  colours  alfo ;  but  the  blue  appeared 
by  far  the  moft:  brilliant. 

A  folution  of  tin  in  aqua  fortis  gave  .but  a  faint 
appearance  of  the  colours,  excepting  the  green, 
which  was  rather  vivid,  and  broader,  on  fome  fpe- 
cimens  than  I  had  feen  it  before. 

One  tea-fpoonful  of  water,  faturated  with  green 
vitriol,  being  put  to  about  fix  or  eight  ounces  of 
a  folution  of  pot-afli,  I  pouVed  fome  of  the  clear 
liquor,  from  which  a  great  part  of  the  vitriol  had 
precipitated,  on  to  the  Ihells,  and  expofed  them  to 
the  fire  as  before ;  and  when  they  were  examined 
in  the  dark,  no  colours  appeared,  except  a  white 
light. 
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A  folutlon  of  green  vitriol  only,  gave  no  light. 
The  vitriol  having  changed  the  colour  of  the  fliells, 
in  appearance,  to  a  reddifh  kind  of  iron  ore ;  and 
this  internally,  as  well  as  externally. 

Corrolive  fublimate  with  the  fliells  produced 
the  colours.  The  red  and  yellow  were  very  bright. 
The  green  and  blue  were  not  fo  vivid. 


Experme?7ts  upon  Acids. 

AS  I  had  entertained  fome  doubts,  whether 
thefe  colours  were  actually  produced  by  the  feve- 
ral  metals  in  their Tolutions,  or  by  the  acids  them- 
felves ;  or  that  an  union  of  both  were  abfolutely 
necedary  to  caufe  thofe  effedls  upon  the  fhells  3 
and  left  I  ftiould  be  led  imperceptibly  into  any 
miftake,  by  making  general  deductions  from  faCts 
that  feemed  to  require  a  further  inveftigation,  it 
was  the  more  proper  to  examine  the  effeCts  of 
each  of  thofe  materials,  feparately.  But  before  I 
begun  the  experiments  with  the  metals,  I  was  led, 
by  degrees,  into  a  feries  of  other  experiments,  in 
confequence  of  examining  the  aqua  fortis  alone, 
which  was  the  firft  experiment  I  fet  about. 

I  poured  an  equal  quantity  of  this  acid,  (as  I 
had  done  before)  upon  another  parcel  of  fhells  in 
a  crucible,  and  then  expofed  the  crucible  to  the 
fire  for  the  fame  time  j  the  heat  being  pretty 
nearly  the  fame  as  in  the  former  experiments. 
When  the  crucible  was  removed  from  the  fire, 

and 
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and  the  fhells  were  cold,  I  examined  them  fepa- 
rately  in  the  dark,  after  having  expofed  them  to 
the  light;  when  the  prifmatic  colours  appeared, 
but  fomething  broader  than  before ;  though  not 
fo  vivid  as  with  the  folutions  of  filver,  copper,  and 
iron.  The  parts  of  the  fhells,  that  exhibited  a 
white  light,  were  confiderably  brighter  than  in 
thofe  produced  by  the  folutions  of  metals. 

With  fpirit  of  nitre,  the  fliells  gave  a  broad  red 
light,  fomething  like  a  burning  coal,  and  brighter 
than  the  red  above.  The  orange  colour  lay  next 
to  it,  and  at  a  little  diftance  from  that,  a  blue, 
fomewhat  brighter  than  the  orange.  In  two  of  the 
Ihells  there  was  a  greenilh  light,  and  the  white 
parts  were  more  intenfe  than  thofe  produced  with 
aqua  fortis. 

From  feeing  that  the  colours  were  exhibited  upon 
the  fhells,-  in  confequence  of  the  application  of  aqua 
fortis,  or  fpirit  of  nitre,  I  tried  the  effed:s  of  the 
other  acids  upon  the  fhells. 

Half  an  ounce  of  oil  of  vitriol,  with  the  fhells, 
gave  but  a  very  feeble  whitilh  light,  many  degrees 
darker  than  what  the  fhells  alone  exhibit  of  them- 
felves  by  calcination  :  except  in  a  few  parts,  and 
even  thofe  were  not  to  be  called  bright.  The 
greater  parts  of  the  fhells  were  totally  dark  j  and 
when  they  were  fcaled  or  broken,  the  new  furfaces, 
even  in  that  cafe,  gave  only  a  very  feeble  light  in 
general . 

An  equal  quantity  of  fpirit  of  fait,  treated  in 
the  fame  manner  with  the  fhells,  fhewed  much  the 
2.  fame 
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fame  appearances ;  but  if  there  was  any  difference 
in  the  effeds,  between  the  two  acids,  it  was  in 
favour  of  fpirit  of  fait. 

Concentrated  fpirit  of  vinegar,  produced  all  the 
colours  :  the  red  and  blue  were  the  mod  vivid  ; 
but  even  thofe  were  not  fo  bright  as  what  were 
produced  by  fpirit  of  nitre. 

Common  vinegar  gave  the  colours  alfo :  thefe 
however  were  fainter  than  the  lad. 

By  comparing  the  whole  .of  thefe  experiments 
together,  and  finding  that  oil  of  vitriol,  and  fpirit 
of  fait,  gave  no  colours  to  the  fhells ;  and  that  thofe 
acids  are  confidered  by  the  chymids  as  having  very 
little,  if  any,  phlogidon  in  them ;  I  begun  to  en¬ 
tertain  an  idea,  that  the  principal  caufe  why  the 
oyder-diells  produce  colours,  depended  upon  a 
p'hlogidic  or  inflammable  principle,  which  the 
diells  received  from  the  metals  and  acids  as  have 
been  here  related. 

To  examine  this  matter  further,  I  fet  about 
making  other  experiments  j  and  begun  the  enquiry 
with  obferving  the  effects  which  the  alcaline  falts 
produced  upon  the  fhells. 


Experiments  upon  Alcaline  Salts. 

THE  fird  which  I  tried,  was  oil  of  tartar. 
With  this,  all  the  colours  were  produced.  The 
red  and  green  were  the  fainted^  the  'blue  was 
more  bright,  and  occupied  the  greater  part  of  the 
ihells. 
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A  fmall  quantity  of  pearl-afhes,  with  the  fliells, 
gave  the  colours  alfo,  but  not  very  vivid;  yet  pearl- 
aflies  I  underhand,  contain  much  more  phlogiftic 
matter  than  oil  of  tartar  does.  But,  perhaps,  a 
difference  in  the  heat  which  I  employed,  in  the  two 
experiments,  occafioned  the  difference  in  the  vivid- 
nefs  of  their  colours. 

Foffil  alcali,  prod4Uced  a  great  quantity  of  fine 
green  light,  which  was  exceedingly  bright :  the 
ftue  was  next  in  degree,  as  to  fplendor:  the  red  and 
yellow  were  very  faint,  compared  with  the  other 
colours.  Some  parts  of  the  fhells  gave  a  very 
intenfe  filvery  white .  li^ht,  which  continued  to 
fhine  a  full  half  hour. 

Spirit  of  fal  ammoniac,  gave  an  exceeding  bright 
white  light  in  every  part  of  fome  of  the  fhells  : 
and  in  two,  or  three  fmall  'parts,  there  was  an  ap¬ 
pearance  of  bright  tender  colours.  Mofi;  of  thefe 
fliells  continued  to  fhine  near  half  an  hour. 
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Experiments  upon  Neutral  Salts. 

A  quarter  of  an  ounce  of  nitre  applied  to  the  Nitre, 
fliells,  in  a  crucible  a§  befpre,  produced  a  very 
flrong  red  light,  not  unlike  a  burning  coal ;  a  little 
yellow,  fome  green,  and  more  blue ;  but  the  blue 
was  brighter  than  the  green. 

Borax  refined,  gave  very  good  colours;  but  not  Borax, 
quite  fo  vivid  as  nitre,  excepting  the  red  and 
blue.  Some  of  the  calx  flicking  to  one  of  the 
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{hells,  I  removed  it,  and  then  a  good  red  appeared 
underneath. 

Sedative  fait,  with  the  {hells,  produced  the  co¬ 
lours  but  faintly  ;  excepting  the  red,  and  that  was 
rather  bright  than  otherwife.  I  ufed  but  a  very 
fmall  quantity  of  fedative  fait ;  perhaps  a  larger 
quantity,  and  a  proper  degree  of  heat,  would  have 
made  the  colours  more  vivid. 

Tartar  of  vitriol  produced,  on  one  (hell,  a  very 
broad  red  light,  and  fome  blue  on  the  confine  of  it. 
Other  {liells  gave  a  white  and  blue  light }  and  one 
fliell  gave  an  orange,  yellow,  blue,  and  green,  co¬ 
lour  ;  but  thofe  appeared  rather  tender  upon  the 
whole,  though  very  bright ;  and  continued  vifible 
for  a  coniiderable  time. 

There  are  two  or  three  experiments,  which  I 
made  upon  other  fubflances,  that  ought  not  to  be 
omitted  in  this  place. 

The  Swedifh  acid,  or  green  fluor,  put  between 
the  fhells,  produced  the  colours  :  but  the  red  was 
mofl  brilliant ;  and  thofe  parts  that  gave  a  white 
light  were  very  vivid. 

During  the  calcination  of  this  greenifh  fluor,, 
and  fome  time  before  it. fell  into  pieces,  I  fancied 
that  there  appeared  upon  it’s  furface  a  dull  pur- 
plifli  light,  fomewhat  inclining  to  a  mazarine  blue^ 
but,  to  be  more  certain,  I  fhut  the  windows  in  the 
room  (for  the  experiment  was  made  about  noon) 
and  then  I  obferved  the  purplifli  light  very  dif- 
tindly :  this  light  feemed,  to  extend  to  fome  dif- 
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tance  from  the  furfaces  of  the  fluor,  and  to  be  of 
the  phofphoric  kind. 

The  Derbyfliire  fpar,  calcined  with  the  fliells.  Spar, 
gave  the  colours  alfo,  and  full  as  bright  as  the  fluor 
defcribed  above. 

A  whitifli  fpar,  or  quartz,  out  of  which  I  took  Quartz, 
a  conflderable  piece  of  filver,  gave  the  colours  ^ 
but  thofc  were  not  near  fo  flirong  as  in  the  two 
lafl;  experiments. 

It  was  now  time  to  make  experiments  upon  the 
metals  themfelves,  and  as  they  are  known  to  con¬ 
tain  no  fmall  quantities  of  phlogiflon,  I  was  the 
more  folicitous  to  examine  them. 


Experiments  upon  Metals. 

A  piece  of  iron,  about  two  inches  long  and  one  Iron, 
broad,  was  laid  between  two  oyfter-fliells,  and 
expofed  in  a  crucible,  to  a  moderate  fire  for  twenty 
minutes.  The  fhells,  in  confequence  of  this  treat¬ 
ment,  exhibited  a  red  light ;  and  what  appeared 
to  me  the  mofl:  curious,  was,  that  the  reds 
were  in  thofe  parts  .only  where  the  iron  had 
been  in  contad;  with  the  Ijaells.  The  other  parts 
‘  of  the  two  furfaces  were  white.  On  breaking 
the  fhells  the  light  was  confiderably  brighter 
than  on  their  furfaces  ^  for  the  red  appeared  to 
have  penetrated  almoff  through  the  whole  thicknefs 
of  each  fhell. 

Round  two  large  fliells  I  wound  two  yards  of  Iron  wire. 
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iron  wire.  Thefe  were  then  put  into  a  crucible^ 
-with  a  foft  lump  of  the  calcined  fliells,  and  con¬ 
tinued  in  the  fire  for  twenty  minutes.  On  thefe 
fliells  I  obferved,  in  the  dark,  a  fine  red,  and  blue, 
light :  there  were  other  colours  alfo,  but  then  they 
were  very  faint.  The  foft  lump,  which  was  about 
the  fize  of  a  large  filbert,  happened  to  lie  at  the 
bottom  of  the  crucible :  this  exhibited  a  fine 
crimfon  red  on  one  part ;  on  another,  a  very  fine 
blue,  three  or  four  times  larger  than  the  red.  In 
a  remoter  part  a  little  green  appeared  5  and  a  faint 
yellow  in  other  places.  On  the  back  part,  of  the 
fame  piece,  it  was  all  red  from  end  to  end.  I  mull: 
here  obferve  that,  part  of  the  wire,  which  palfed 
round  the  fliells,  was  in  contadl  with  the  foft 
lump  ;  and  the  parts  of  the  /hells,  at  their  edges, 
where  thofe  wires  had  been  more  clofely  in  con- 
tad:,  and  had  cut  the  fliells  next  the  bottom  of  the 
crucible,  exhibited  the  bright  red  and  blue  light 
mentioned  above. 

It  may  be  proper  to  take  notice  in  this  place; 
that  mofi:  of  the  fhells,  employed  in  the  preceding 
experiments,  were  put  into  the  crucible  in  a  ver-r- 
tical  pofition.  And  as  that  method  anfwered  my^ 
purpofe,  I  generally  continued  to  obferve  it,  though 
it  is  not  always  exprefied. 

The  lafi:  experiment  was  varied,  by  putting  the 
fhells  into  an  iron  crucible.  The  colours  produced 
by  this  alteration,  were  very  difiind  on  fome 
fpecimens.  The  red  and  orange  were  on  thofe 
parts  of  the  fliells  that  lay  next  the  iron  :  other 
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parts  gave  a  brilliant  bluifh  white  light,  and  Tome 
green.  I  then  broke  one  of  the  fliells,  and  ob~ 
ferved,  that  the  red  had  penetrated  one  eighth  of  an 
inch  deep,  and  that  a  bright  green  appeared  on 
the  confine  of  it.  Another  fhell,  ,v/hich  had  been 
purpofely  laid  horizontally  at  the  bottom  of  the 
crucible,  on  being  broken,  exhibited  an  intenfe, 
filverith  white  light'  only.  According  to  my  ufual 
method  of  examining  the  fhells,  I  feparated  the 
firlf  fcale  from  one  of  them,  and  expofed  the  new 
furface  to  the  fun ;  after  this,  I  was  furprifed  to 
find  the  white  light  much  more  beautiful  than 
before;  and  that  there  was  a  little  appearance  of 
colours  in  one  part  of  it.  In  the  making  of  this 
experiment,  I  had  previoufly  laid  a  fhell  on  the 
top  of  the  vertical  ones,  in  an  horizontal  pofition 
alfo,  but  with  a  view  to  obferve  how  it  would  be 
affed:ed,  in  regard  to  it’s  giving  colours,  when 
compared  with  the  other  fiiell  which  lay  at  the 
bottom  of  the  crucible  :  but  this  afforded  a  very 
little  light,  and  no  colours  whatfoever. 

I  had  frequently  made  the  phofphorus  defcribed 
by  Mr.  Canton  in  the  Philosophical  Tranfaftions, 
confifling  of  powdered  fhells  and  fulphur,  without 
having  ever  been  able  to  obferve  any  other  phof- 
phoric  colour  than  a  fine  yellowifii  white  light; 
However,  I  had  an  inclination  to  try,  whether  even 
in  it’s  powdered  flate,  joined  with  a  folid  lump  or 
two  of  fhells,  it  would  not  afford  colours.  Ta 
this  end,  having  mixed  the  powdered  fhells  with 
flowers  of  fulphur,  in  their  proper  proportions,  I 
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put  half  of  the  quantity  into  the  iron  crucible,  and 
then  laid  upon  it  two  pieces  of  fhells,  about  half 
an  inch  in  diameter,  one  upon  the  other,  hori¬ 
zontally.  Upon  thofe  I  put  the  other  half  of  the 
mixture,  and  prelfed  the  whole  down  very  clofe. 
The  iron  veilel  was  then  expofed  to  a  good  lire 
for  thirty  minutes  ;  and  when  it  was  cold,  the 
inafs  was  broken  into  tv/o  parts,  where  the  folid 
lliells  had  been  put.  On  expofing  thofe  parts  to 
the  light,  a  breadth  of  tender  colours  appeared 
in  the  middle,  above  one  inch  in  diameter,  extend¬ 
ing  a  little  beyond  the  confines  of  the  folid  fhells ; 
but  thofe  colours  were  not  very  bright.  The  red 
occupied  the  centre,  and  was  by  much  the  broad- 
eft  :  a  faint  orange  colour  lay  next  to  it ;  and  a 
little  yellow  appeared  beyond  the  orange.  The 
other  parts  of  the  whole  mafs  exhibited  only  a 
very  tender,  yellowifli  white  light. 

Since  the  firft  edition  of  this  work  I  have  found, 
that  all  the  colours  and  thofe  very  fine,  may  be 
produced  by  the  common  preparation  of  this 
phofphorus,  and  without  the  afiiftance  of  any  other 
circumftance,  than  a  proper  degree  of  heat. 

'Iron-fil-  To  equal  parts  of  iron-filings  and  nitre,  I  put 
ings.  feveral  large  fragments  of  fhells :  thefe  materials 
were  expofed  to  the  fire,  for  fifteen  or  twenty 
minutes.  After  this,  the  flrells  exhibited  a  faintifli 
red,  and  other  colours ;  but  the  white  light  was 
exceedingly  bright.  When  I  came  to  view  the 
fhells  in  the  open  day  more  attentively,  I  obferved 
that  the  calx  of  the  iron  had  formed  a  kind  of  cruft 
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Upon  them  in  feveral  parts.  This  calx  was  care¬ 
fully  removed  by  a  pen-knife,  without  fcaling  the 
fheils ;  and  then  they  were  expofed  again  to  the 
light.  Upon  this,  a  very  fine  red  appeared  in  thofe 
parts  where  the  calx  had  been  removed,  as  like- 
wife  a  good  green,  and  an  intenfe  blue  very  near  it. 
That  part  of  the  fihell  where  the  calx  was  removed 
feemed  firmer,  and  more  compadt,  than  any  of  the 
other  parts. 

This  latter  part  of  the  experiment,  in  which  the 
calx  upon  the  fhells  had,  as  it  were,  been  encrufied, 
turning  out  fo  fatisfadlorily,  brings  to  my  mind  the 
firfi;  experiment  I  made  with  the  folution  of  cop¬ 
per,  and  which  exhibited  the  colours,  refembling 
thofe  in  the  rainbow.  I  mention  this  circumftance 
the  rather,  as  the  two  experiments  appear  to  illuf- 
trate  each  other.  For  in  that  experiment  I  had 
obferved,  with  the  afiiilance  of  a  magnifying  glafs,. 
that  a  larger  quantity  of  the  calx  of  copper  lay 
next  the  red,  than  there  appeared  to  be  in  any 
other  part  of  the  whole  mafs. 

Upon  fucceeding  fo  well  in  the  experiments  v/ith 
iron,  it  was  fuggefted  to  me  by*  Mr.  Delaval,  to'- 
try  what  the  difference  would  be  with  fleel  :  on 
account  of  the  greater  quantity  of  phlogiflon  it  is. 
known  to  contain. 

For  this  purpofe,  I  procured  fome  watch-fp rings, 
and  broke  them  into  fixteen  pieces :  each  of  thofe 
were  two  inches  long.  I  procured  alfo  an  iron- 
plate  of  the  fame  thicknefs  with  the  watch-fpring, 
or  very  *  near  it.  This  plate  was  cut  into  four 
‘  pieces 
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•pieces,  two  inches  long  alfo :  and  each  breadth 
correfponded  nearly  with  four  of  the  fprings,  when 
they  were  laid  clofe  and  parallel  to  each  other ;  for 
in  this  iituation  I  difpofed  them  between  the  fhells  : 

I  then  put  feven  fhells  into  a  crucible  vertically,  and 
clofe  to  one  another.  On  one  fide  of  the  middle 
fliell  were  placed  four  of  the  fprings ;  and  between 
each  of  the  other  fhells  and  the  crucible,  on  the 
fame  fide,  I  put  four  more ;  making  in  the  whole 
fixceen  pieces.  On  the  other  fide  of  the  middle 
Ihell  I  put  one  of  the  iron  plates,  and  another  plate 
between  each  of  the  fhells  and  the  crucible  on  that 
fide  }  being  in  all  four.  In  this  fituation  the  cruci¬ 
ble  was  put  in  a  clear  fea-coal  fire  for  twenty  mi¬ 
nutes  :  and  during  the  latter  half  of  the  time  the 
heat  was  .increafed  by  blowing.  Before  each  fhell 
was  examined  in  the  dark,  particular  care  was  • 
taken  to  obferve  the  direction  in  which  the  metals 
.were  expofed  to  the  fhells.  I  began  my  obfervations 
with  the  middle  flieli :  and  prefented  to  the  light 
that  fide  of  the  fliell  firfl;  where  the  iron  had  been 
in  contad:.  The  colours  were  very  diflindt,  but 
not  fo  brilliant  as  I  have  fometimes  feen  them  in 
other  experiments  :  the  red,  yellow,  and  blue, 
particularly.  I  then  expofed  the  other  fide  of  the 
fame  fhell  to  the  light,  where  the  fleel  had  been 
in  contad,  when  the  colours  appeared  confiderably 
brighter  ;  for  in  thofe  parts  of  the  fhell  where  the 
fleel  had  touched,  the  red  appeared  very  intenfe 
and  lively ;  beyond  that,  lay  the  other  colours ;  but 
not  in  their  order :  for  the  green  was  next  the 
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red,  then  a  little  orange  yellow ;  and  beyond  that, 
at  a  little  diflance,  a  very  fine  blue.  In  the  next 
Ihell,  which  had  fteel  on  both  fides,  the  colours 
were  pretty  near  the  fame,  efpecially  the  red.  The 
fecond  fhell,  from  the  middle,*  exhibited  the  fame 
colours  j  but  the  red,  though  lefs  in  quantity, 
was  more  intenfely  bright  j  efpecially  in  that  part 
of  the  fhell  which  had  been  nearefi:  the  bottom  of 
the  crucible.  This  difference  was  probably  occa- 
lioned  by  the  pieces  of  fteel  having  changed  their 
fituation  accidentally,  becaufe,  on  taking  this  fliell 
out  of  the  crucible,  I  found  their  ends  lying  one 
upon  another,  towards  the  bottom.  The  third 
fliell  had  the  fame  colours  on  that  fide  next  the 
fecond  fhell,  and  nearly  as  intenfe  as  thofe  upon 
the  neighbouring  furface,  which  the  fecond  fliell 
produced.  But  the  other  fide  of  this  third  flieil 
which  was  next  the  crucible,  where  four  pieces  of 
fteel  had  alfo  been  placed,  and  which  continued  in 
the  fituation  I  had  laid  them,  exhibited  an  equal 
quantity  of  red  light,  together  with  fome  other 
colours  i  as  was  obferved  in  the  firft  fliell,  reckon¬ 
ing  from  the  middle. 

Having  completed  the  obfervations  where  fteel 
was  employed,  I  examined  'the  other  fhells,  where 
the  plates  of  iron  had  been  put.  The  firft  fliell, 
next  the  middle  one,  as  likewife  the  fecond  and 
third,  exhibited  the  fame  colours  with  thofo 
that  the  iron  produced  on  one  fide  of  the  middle 
fliell  j  and  their  degrees  of  brightnefs  were  nearly 
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the  fame  when  compared  with  one  another,  but 
much  inferior  to  thofe  produced  by  the  fteel. 

From  this  laft  experiment  I  collected,  that  the 
colours  produced  by  the  fteel,  being  fo  much 
brighter,  and  more  intenfe,  than  thofe  produced 
by  the  iron,  the  difference  between  them  muff 
have  been  occafioned,  by  the  difference  in  the 
quantity  of  phlogifton  they  refpedlively  contained. 
Now  fteel,  I  underftand,  is  made  by  giving  to 
iron  a  greater  quantity  of  phlogifton  than  it  con¬ 
tained  before.  And  the  method  of  attaining  this 
end  is,  generally,  by  expofing  the  iron  for  a  long 
time  in  a  charcoal  fire  :  for  charcoal,  according  to 
the  chymifts,  abounds  with  phlogifton.  After  that 
operation,  nothing  more  is  required  to  make  fteel, 
than  to  quench  the  iron  in  water.  From  thefe 
confiderations  it  feemed  proper  to  try  the  effe<fts  of 
the  charcoal  itfelf,  upon  the  ftiells. 

Charcoal.  Accordingly,  between  feveral  fhells,  I  put  fome 
broad  pieces  of  charcoal :  they  were  made  flat  for 
greater  convenience  of  bringing  their  furfaces 
nearer  to  a  contadt  with  the  fhells  themfelves. 

were  put  into  a  crucible,  and  expofed  to  a 
feacoal  fire  for  twenty  minutes.  After  that,  the 
ftiells  exhibited  exceeding  fine  colours :  but  the 
red  and  blue  were  the  moft  intenfe  ,*  next  to  them 
the  green  had  the  preference  5  and  in  two  fpe- 
cimens  the  colours  were  fo  finely  intermixed,  yet 
at  the  fame  time  fo  diftindl,  that  they  refembled, 
in  fome  degree,  the  tail  of  a  peacock  5  but  then 

they 
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they  were  very  far  beyond  it  in  point  of  bril¬ 
liancy. 

The  conne<fl:ion  that  PrufTian  blue  is  known  to 
have  with  fteel,  from  its  being  alfo  compofed  of 
iron  and  phlogiflon,  encouraged  me  fufficiently 
examine  the  effed:s  of  that  fubftance  upon  the  (hells. 

A  quantity  of  Pruflian  blue  was  therefore  put 
into  a  crucible  among  feveral  (hells,  and  expofed 
to  the  (ire  for  twenty  minutes.  Thefe  (liells  af¬ 
terwards  exhibited  a  phofphoric  yellowKh  white 
light,  which  was  not  very  bright.  From  my  former 
obfervations  I  had  reafon  to  apprehend,  that  the 
calx  of  the  iron  (licking  to  the  (hells,  obdrudled 
other  appearances  ;  I  therefore  fcaled  the  (liells, 
and  then  expofed  them  again  to  the  light :  on 
doing  this,  the  red,  yellow,  and  green,  were  very 
didindl  and  bright :  there  was  alfo  a  blue,  but 
it  was  very  faint,  compared  with  the  other  colours. 
This  blue,  however,  appeared  brighter  on  removing 
one  more  of  the  fcales. 

It  was  now  time  to  examine  the  other  metals 
with  the  (hells. 

Upon  conddering  the  nature  of  gold,  which 
fo  obdinately  redds  the  mod  violent  attacks  of 
dre,  without  differing  the  lead  diminution  of 
it’s  weight,  a  fufpicion  'had  been  entertained 
by  fome,  that  it  would  produce  no  colour  when 
applied  to  the  (hells.  But  this  conjedlure  did  not 
correfpond  with  the  experiment  ;  for  notwith- 
danding  I  took  particular  care  to  have  dandard 
gold  from  the  redner,  and  was  very  attentive  in  the 
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management  of  it  with  the  fhells,  the  colours  were 
produced  by  it  ;  but  then  thofe  colours  were  ra¬ 
ther  tender,  upon  the  whole,  when  compared  with 
one  another,  and  not  very  bright.  The  quantity 
of  red  equalled  the  fize  of  the  piece  of  gold,  and 
that  was  nearly  equal  to  the  hze  of  a  guinea.  It 
weighed  about  thirteen  penny-weights ;  and  was 
beaten  fiat  for  my  purpofe  with  an  iron  hammer. 
This  circumfiiance  is  mentioned,  as  I  would  have 
done  any  other,  had  it  occurred,  which  might  even 
caufe  a  fufpicion  of  it’s  being  the  lead:  unfa¬ 
vourable  to  the  experiment. 

Grain  However,  as  I  was  not  perfectly  fatisfied  with 

gold,  experiment,  I  procured  two  fmall  parcels 

of  grain  gold  from  the  refiner.  One  of  thofe 
parcels  was  put  into  a  crucible  ^  and  whilfi:  it 
continued  in  fufion,  fix  ounces  of  powdered  nitre 
were  added,  but  at  different  times.  The  gold, 
before  it  was  melted,  weighed  three  penny-weights. 
On  taking  it  out  of  the  crucible,  it  weighed  two 
grains  lefs.  This  difference  arofe,  perhaps  in  part, 
from  fcraping  away  the  fcoriae  with  a  piece  of 
glafs ;  Tor  a  few  particles  of  gold  feemed  to  accom¬ 
pany  the  fcoria?.  The  gold  fo  prepared  was  put 
(without  beating  it  fiat)  between  two  fhells  ;  and 
thofe  were  then  placed  near  the  bottom  of  a  cru¬ 
cible  in  an  horizontal  pofition.  In  another  cru¬ 
cible,  and  between  other  fliells,  for  there  were 
feveral  in  it,  I  put  the  other  parcel  of  grain  gold, 
and  which  was  nearly  of  the  fame  weight  with 
the  former,  and  then  placed  the  two  crucibles  in  a 
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wind  furnace  for  ten  minutes.  The  fhells  were 
afterwards  examined  in  the  dark,  and  within  two 
hours  after  they  were  taken  out  of  the  fire;  but, 
before  this  was  done,  I  obferved,  in  the  open  day, 
that  moft  of  the  fhells,  from  both  crucibles,  had 
acquired  a  reddifh  purple  hue,  but  particularly  in 
thofe  parts  where  the  gold  had  been  in  contadt. 
On  expofing  them  to,  and  removing  them  from, 
the  light,  feparatcly,  I  was  furprifed  at  feeing  not 
only  all  the  colours  on  the  fliells  from  both  cru¬ 
cibles,  but  at  finding  them  far  more  vivid,  than  in 
the  former  experiment.  The  red,  however,  was 
by  far  the  moft  predominant  in  thofe  fhells  that 
were  expofed  to  the  gold  where  no  nitre  had  been 
put.  For  one  of  the ‘fhells  exhibited  a  bright  red 
all  over  it’s  furface,  and  on  both  fides  of  it;  fo 
that  the  general  appearance  feemed  as  if  the  red 
light  had  adtually  penetrated  through  the  whole 
fubftance  of  the  fhell.  Upon  removing  the  upper 
fcale,  which  I  did  with  fome  difficulty,  on  account 
of  the  firmnefs  it  had  acquired,  as  likewife  a  fecond, 
and  a  third,  the  red  appeared  a  little  brighter ;  and, 
when  I  broke  it,  the  fame  colour  then  evidently 
appeared  as  having  penetrated  quite  through  the 
ffiell.  Half  of  another  fhell  appeared  red,  and 
the  other  half  green.  Upo^n  removing  one  of  the 
laminae,  a  very  fine  blue  difeovered  itfelf  under  the 
green,  and  the  red  appeared  more  intenfe.  A  third 
fhell  exhibited  a  red  on  one  fide,  and  a  kind  of 
opal  colour  on  the  other;  and  a  fourth  was  red 
in  every  part.  One  of  the  ffiells  from  the  other 
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crucible  exhibited  a  fine  red  at  one  end,  and  next 
to  it  a  yellow,  then  a  great  quantity  of  fine  green, 
and  a  good  blue  beyond  it.  The  other  fhell  ex¬ 
hibited  much  the  fame  appearances,  except  that 
it  was  more  motled  with  the  colours.  In  all  thofe 
fliells  there  was  no  appearance  of  any  white  light 
whatfoever.  The  red  in  general  was  not  fo  intenfe 
as  in  fome  of  the  preceding  experiments.  How¬ 
ever,  I  think  this  red  was  very  like  the  colour  of 
the  fun  when  feen  through  a  fmoaked  glafs,  or 
a  moderate  fog  in  the  fpring  or  autumn. 

As  I  found  it  inconvenient  to  procure  grain 
gold,  I  had  recourfe  to  another  expedient,  and 
that  was  to  try  whether  a  much  lefs  quantity 
would  not  anfwer  the  purpofe  full  as  well.  To 
this  end,  I  covered  fome  calcined  fhells  with  fingle 
leaves  of  gold,  and  then  laid  other  fhells  upon 
them.  Thefe  were  put  into  a  crucible,  and  ex- 
pofed  to  a  good  fire  for  fifteen  minutes.  When 
they  were  cold,  I  obferved  that  the  pieces  of  the 
leaves  of  gold,  upon  different  fhells,  were  a  little 
changed  in  their  colour :  thefe  were  brufhed  off  j 
and,  after  expofing  the  fliells  to  the  light,  the 
colours  appeared,  but  then  they  were  exceedingly 
faint ;  the  yellow  was  broadeft  and  brightefl;,  the 
green  next,  and  the  red  the  leaft  fo.  Perhaps,  if, 
inffead  of  fmgle  leaves  of  gold,  I  had  put  four  or 
five  leaves  upon  one  another,  they  might  have 
exhibited  the  colours  more  diftindt  and  lively. 

An  ounce  of  quickfilver  was  put  to  three  fhells 
in  a  crucible,  and  expofed  to  a  moderate  fire  about 
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eight  minutes :  whether  the  fhells  were  .con¬ 
tinued  too  long  in  it,  or  not  long  enough,  I  cannot 
tell :  for  on  examining  them  in  the  dark,  I  ob- 
ferved  only  a  very  fine  blue  in  different  parts  of 
them,  and  thofe  parts  were  the  mofi;  remote  from 
the  bottom  of  the  crucible.  The  breaking,  or 
fcaling,  of  the  fhells  made  no  difference  in  the 
appearances. 

Not  being  fatisfied  with  this  lafl  experiment,  I 
repeated  it  again  two  months  afterwards,  but  with 
a  quarter  of  an  ounce  of  quickfilver ;  and  with 
the  fame  number  of  fhells.  The  crucible  was 
now  put  into  the  fire  with  the  fhells  in  it,  and 
when  they  were  red  hot,  I  dropped  the  quick¬ 
filver  into  the  crucible,  and  continued  the  heat 
for  three  minutes  more.  After  this,  the  colours, 
in  two  of  the  fhells,  were  very  diflincd:  and  bright ; 
particularly  the  red,  yellow,  and  blue.  The  other 
fhell  exhibited  a  little  red,.fome  green,  and  a  great 
deal  of  white  light. 

Lead,  produced  the  colours,  but  the  red,  orange, 
and  yellow,  were  the  brightefl. 

In  another  experiment,  but  with  a  lefs  quantity 
of  lead,  the  colours  appeared  more  vivid,  efpecially 
the  g^en  and  blue. 

Thirteen  penny-weights  of  the  fined  filver  I 
could  procure  were  put  between  two  fliells,  and 
expofed  in  a  wind  furnace  for  eight  or  ten  minutes  ; 
by  which  the  fhells  acquired  a  dirty  purplifh  hue, 
and  a  firmer  texture  in  fome  parts.  In  the  fame 
flate  they  were  expofed  to  the  fun  :  but  no  kind  of 
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'  light  appeared  upon  thofe  purplifh  parts.  .  I  then 
removed  the  purplifli  hue,  by  fcaling  the  fhells 
^  penknife  as  before  :  in  this  ftate  they  were 
expofed  again  to  the  light  ^  the  colours  now  ap- 
vi.^^peared,  and  to  great  advantage.  The  red  and  blue 
were  the  moft  intenfe  and  beautiful  j  the  green 
next,  but  the  yellow  and  purple  were  rather  faint. 
Other  parts  of  the  fliells  were  white,  and  exceed¬ 
ingly  brilliant :  thofe  continued  luminous  a  full 
half  hour.  I  do  not  mean  by  this,  that  the  colours 
lafted  fo  long,  but  only  that  fome  of  the  whitiih 
light  was  perceptible  at  the  end  of  half  an  hour. 

I  repeated  the  laft  experiment  with  about  five 
penny-weights  of  filver,  in  grains,  from  the  re¬ 
finer  :  thefe  grains  were  put  between  feveral  fiiells 
in  a  crucible.  And  after  the  ufual  treatment  of 
fcaling,  &c.  one  of  the  fiiells  exhibited  a  fine  red  and 
blue  only ;  another  a  little  red,  with  a  great  quan¬ 
tity  of  blue,  and  a  little  purple  ;  a  third  exhibited 
a  green  and  blue,  with  a  confiderable  quantity  of  a 
filvery,  white  light,  but  very  intenfe ;  and  a  fourth 
fiiewed  red,  yellow,  and  blue  colours,  that  were  ra¬ 
ther  vivid  than  otherwife.  Two  other  pieces  exhi¬ 
bited  only  a  white  light,  but  then  this  light  was 
exceedingly  brilliant. 

A  piece  of  native  filver,  from  the  colledtion  of 
Guftavus  Brander,  Efq;  who  favoured  me  with  it, 
produced  the  colours  :  they  were  not,  however, 
near  fo  lively,  as  thofe  which  appeared  in  the  two 
lafi:  experiments. 

Two  fmall  plates  of  common  copper  were  ap¬ 
plied  to  the  fiaells,  and  after  being  expofed  in  the 
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fire  for  fifteen  minutes,  thofe  fliells  exhibited  the 
colours  alfo,  though  they  were  inferior  to  them  that 
are  mentioned  in  the  JirJi  experiment,  where  a 
folution  of  the  fame  metal  was  made  ufe  of. 

A  very  fine  fpecimen  of  copper,  from  the  fame  Very  fine 
collection,  produced  the  colours  nearly  the  fariie 
with  the  lafi:  experiment  ^  except  that  the  red  and 
yellow  were  confiderably  brighter  and  more  in- 
tenfe. 

In  the  courfe  of  thofe  laft  experiments,  where 
colours  have  been  produced  by  the  application  of 
metal  to  the  fhells,  different  degrees  of  heat  were 
employed  :  I  was  obliged  therefore  to  proportion 
the  time  of  continuing  the  crucibles  in  the  fire 
accordingly  j  but  not  without  giving  fome  atten¬ 
tion  to  the  nature  of  the  different  materials  con¬ 
cerned  in  each  experiments  Neverthelefs,  even 
though  I  obferved  thefe  precautions,  I  would  not 
be  underftood,  that  I  am  at  all  acquainted  with  the 
degree  of  heat  that  is  neceffary  for  producing  the 
colours  to  the  greateft  advantage. 

With  Tin,  the  experiment  fucceeded  pretty  well :  Tin, 
the  red  and  yellow  were  but  faint,  compared 
with  the  green  and  blue  that  the  fame  fhells  ex¬ 
hibited.  I 

Having  finifhed  the  experiments  upon  fhells  with  zinc, 
the  metals,  I  was  defirous  of  feeing  the  effeCts  of 
one  of  the  femi-metals,  which  is  faid  to  contain  a 
great  deal  of  phlogiflon :  what  I  mean  is  zinc.  I 
had  no  fooner  gone  through  the  procefs  with  it,  but 
I  examined  the  fhells,  even  before  they  were  quite 
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cold,  without  being  able  to  difcover  any  appear¬ 
ance,  but  a  little  white  light.  I  fucceeded  no 
better  when  they  were  cold.  The  outward  appear¬ 
ance  of  the  fhells  in  the  open  day,  was  a  little 
veliowiih ;  and  from  what  had  been  obferved  be¬ 
fore,  it  feemed  very  neceflary  to  remove  this  yel- 
lowhh  tinge :  I  therefore  fcaled  the  fhells,  and 
expofed  them  again  to  the  light ;  upon  examining 
them  afterwards  in  the  dark,  there  appeared  very 
large  breadths  of  fine  prifmatic  colours  on  every 
fhell ;  but  the  red  was  by  far  the  mofi;  intenfe  and 
lively.  I  then  broke  thofe  fhells  into  feveral 
pieces  :  and  on  obferving  them  feparately,  after 
their  being  expofed  to  the  light,  there  appeared, 
in  many  parts,  all  the  colours ;  and  in  others,  a 
mofi:  beautiful  intenfe  filvery  white  light,  which 
continued  to  fliine  a  full  half  hour. 

After  this,  it  feemed  time  to  put  an  end  to  thofe 
kind  of  experiments,  notwithflanding  there  were 
many  other  fubfiances  that  I  had  not  tried,  which 
might  have  been  brought  into  this  clafs  with 
propriety :  fuch  as  reg.  of  cobalt,  bifmuth,  mar- 
cafites,  cinnabar.  See.  but  thefe  were  confidered  as 
being  unneceffary. 

In  the  courfe  of  the  preceding  experiments  I 
fometimes  fufpedted,  that  it  was  necefiafy  to  clean, 
and  ferape,  the  fliells  very  well  before  they  were  put 
into  the  crucible  ;  in  confequence  of  my  having  ob- 
feved  that  a  few  of  them,  fo  treated,  feemed  to  ex¬ 
hibit  the  colours  more  lively.  Whether  it  was  really 
the  cafe  or  not,  I  am  ftill  ignorant :  however,  in 

my 
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my  future  experiments,  thefe  precautions  were  not 
unattended  to. 

I  HAVE  now  gone  through  the  experiments  pro- 
pofed,  in  which  the  prifmatic  colours  were  produced 
with  the  flrells,  by  the  folutions  of  metals,  by  fome 
of  the  acids,  (for  the  other  acids  did  not  produce 
the  colours)  and  by  all  the  alcalies  ;  as  well  as  by 
feveral  of  the  neutral  falts  :  and  having  extended 
my  refearches  to  the  metals  themfelves  fo  fuc- 
cefsfully,  where  no  other  fubflance  was  introduced 
but  the  common  bafis  I  made  ufe  of,  namely,  the 
calcareous  earth  :  and  finding  that,  among  other 
fubftances,  fteel,  as  alfo  charcoal,  and  Prufiian  blue, 
which  are  allowed  to  contain  a  confiderable  fiiare 
of  phlogifton,  produce  the  prifmatic  colours  in  an 
eminent  degree ;  there  appears  to  me  a  further 
foundation  for  entertaining  more  than  a  conjecture, 
that  the  prifmatic  colours,  as  well  as  the  light  in 
general  of  all  phofphori,  depend,  in  fome  degree 
at  leaft,  upon  that  inflammable  principle  which 
feems  to  be  difengaged,  by  the  force  of  fire,  from 
the  fubftances,  the  feveral  Ihells  were  in  contaCt 
with,  in  the  crucible. 

•  Nothing  more  remains,  therefore,  to  efliablifh 
the  principle  and  make  it  general,  than  to  examine 
the  elfeCls  of  other  fubftances  upon  the  Ihells, 
in  the  fame  circumftances,  which  are  known  to 
abound  with  phlogifton.  And  if  fimilar  appear¬ 
ances  are  to  be  obtained  from  them,  we  may  then,  I 
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think,  fafely  pronounce  the  principle  generali 
at  leaf!:,  till  exceptions  are  brought  againftit. 


Experiments  upon  Inflammable  Bodies. 


Lini'eed  ^ 
Oil. 


Olive  Oil. 

Oil  of  tur¬ 
pentine. 

Wax. 

Refui. 

Pitch. 

Gum  ara¬ 
ble. 


ONE  tea-lpoonful  of  linfeed  oil  was  put  to  the 
fliells  in  a  crucible,  and  expofed  to  the  fire  for 
twenty  minutes.  The  fliells,  afterwards,  exhi¬ 
bited  a  feeble  white  light,  and  a  very  intenfe  blue. 
In  fome  fpecimens  a  little  orange  and  green,  but 
no  red.  From  obferving  the  refult  of  the  fecond 
experiment  with  quickfilver,  I  fufpedied  that  thefe 
ihells  were  not  continued  long  enough  in  the 
fire. 

Olive  oil,  gave  a  good  blue  and  green,  and  a 
faint  orange  colour. 

Oil  of  turpentine,  produced  a  fine  red  and  blue. 
Some  other  parts  were  green  and  white,  but  thole 
appearances  were  fainter  than  what  are  mentioned 
in  the  two  lafi;  experiments. 

A  lump  of  wax,  the  fize  of  a  very  fmall  nut, 
burnt  with  the  fliells,  gave  the  colours  alfo  5  and 
rather  bright  than  otherwife. 

Refin,  produced  the  red,  yellow,  green,  and  blue, 
better  than  wax. 

Pitch,  gave  the  colours  much  the  fame,  except 
that  the  blue  was  brighter  than  the  reft. 

Gum  arabic,  gave  a  very  intenfe  bright  red  and 
blue,  with  a  little  yellow,  and  a  dirty  brownifh 
hue  in  other  parts. 


Copal, 
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Copal,  produced  the  colours,  but  not  near  fo  Copal, 
bright  as  gum  arabic. 

Gum  tragacanth,  afforded  colours  alfo ;  the  red  Traga- 
exceeded  in  brightnefs  the- red  produced  by  copal;  canth. 
the  yellow  and  blue  appeared  rather  better  than 
the  green. 

Flame,  from  a  large  wax  candle,  and  alfo  from  Flame, 
fpirit  of  wine,  produced  very  fine  colours ;  the  red 
and  yellow  were  the  brighteft,  the  green  and  blue 
next ;  the  violet  was  lefs  vivid. 

Thefe  colours  were  not  only  produced  by  burn¬ 
ing  the  calcined  fhells  in  a  crucible  after  they  had 
been  expofed  to  the  different  flames  for  two  or 
three  minutes ;  but  alfo,  without  expofing  thofe 
fhells  to  any  other  heat  than  the  flame  itfelf,  it 
being  fully  fuflicient  for  the  purpofe. '  In  thefe 
experiments  the  colours,  produced  by  the  flame  of 
fpirit  of  wine,  were  rather  weaker  than  thofe  pro¬ 
duced  by  the  flame  of  wax. 

A  table- fpoonful  of  lamp-black,  or  foot,  put  Soot, 
into  the  crucible,  and  expofed  to  the  fire  for  fifteen 
minutes,  gave  very  fine  colours  alfo ;  the  yellow, 
green,  and  blue  were  the  rnofl  brilliant,  the  red 
next,  but  very  broad*;  and  the  purple  fainter. 

A  quarter  of  a  Iheet  of  \yhite  paper,  being  cut  Paper, 
into  feveral  pieces ;  I  put  them  into  a  crucible 
along  with  feveral  fhells  :  and  then  expofed  the 
crucible  to  a  fire,  where  I  continued  it  twenty 
minutes.  On  examining  the  Ihells  afterwards  in 
the  dark^  mofl;  of  them  had  acquired  the  colours  ; 
and  thofe  colours  appeared  rather  brilliant  than 

otherwife. 


Linen. 


Cotton. 


Sugar, 


Wheat 

Sour. 
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otlierwife.  Two  of  the  (liells  however,  flicwed 
only  a  fine  blue  light.  Thefe  were  expofed  again 
to  the  fire  for  ten  minutes  more  (but  in  the 
crucible)  in  confequence  of  this,  they  exhibited  all 
the  colours  ;  but  the  blue  was  weakened  confider- 
ably.  From  the  effeefts  produced  by  this  fecond 
application  of  heat,  I  fufpedt  that  the  fhells  in 
fome  of  the  preceding  experiments,  which  only 
exhibited  green  or  blue,  were  not  continued  long 
enoup-h  in  the  fire. 

O 

Linen,  treated  in  the  fame  manner,  (except  that 
it  v/as  continued  in  the  fire  for  thirty  minutes) 
gave  the  colours  rather  ftronger  than  the  paper. 

I  put  a  little  cotton,  along  with  fome  fliells, 
into  a  crucible,  and  after  thefe  had  been  in  the 
fire  for  fifteen  minutes,  two  of  the  fhells  exhi¬ 
bited  three  colours  full  and  lively,  viz.  red,  green, 
and  blue  }  the  other  fhells  gave  a  blue  and  white 
light  only. 

A  lump  of  fugar,  the  fize  of  a  hazle  nut,  expofed, 
with  the  fhells  in  a  crucible,  to  a  fire  for  twenty 
minutes,  produced  fome  exceeding  fine  fpecimens 
of  colours.  In  three  of  the  fhells  there  were 
great  quantities  of  fine  red  and  green,  a  little  yel¬ 
low,  and  an  intenfe  blue,  but  lefs  purple.  In 
one  of  the  fhells  the  colours  lay  regularly,  and  in 
their  order. 

Flour  of  wheat  (about  three  tea-fpoonfuls)  put 
into  a  crucible  with  the  fhells,  produced  the  co¬ 
lours  j  but  then  they  were  rather  faint,  excepting 
7  '  the 
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the  red  and  blue,  and  thofe  were  a  little  brighter 
than  the  reft. 

Some  of  the  fame  flour,  with  a  folution  of  pot- 
afti,  made  into  a  cake  and  toafted  a  little,  gave  all 
the  colours  without  the  application  of  the  fhells ; 
but  the  red  was  a  heavy  dirty  colour.  This  was 
not  the  cafe  with  the  other  colours,  they  being 
rather  vivid,  and  the  parts  that  gave  a  white  light 
were  very  bright. 

Oil  of  vitriol,  with  the  fhells,  (in  a  former 
experiment,)  producing  no  colours,  and  fcarce  any 
light,  I  put  fome  powdered  charcoal  to  them, 
and  then  expofed  the  fhells  again  to  the  fire 
for  fifteen  minutes.  After  this  there  appeared 
two  or  three  of  the  colours,  but  thofe  colours 
were  rather  faint.  However,  the  whitifh  appearance 
was  confiderably  improved. 

Spirit  of  fait,  with  the  ftiells,  (in  a  former 
experiment)  likewife  producing  no  colour,  I  put 
fome  powdered  charcoal  to  thofe  alfo  :  in  confe- 
quence  of  which,  the  colours  appeared,  and  nearly 
of  the  fame  ftrength  as  in  the  laft  experiment. 

The  experiment,  I  had  made  before  with  oil  of 
vitriol,  was  varied,  by  mixing  fome  powdered 
charcoal  with  it,  and  making  a  kind  of  pafte  there¬ 
of.  This  pafte  was  put  into  a  crucible,  and  the 
ftiells  were  then  forced  into  the  pafte.  The  cru¬ 
cible  fo  circumftanced,  was  put  into  the  fire  for 
fifteen  minutes.  By  this  treatment  the  colours 
were  improved,  and  the  blue  particularly  ;  it  being 
very  fine.  Other  parts  exhibited  a  very  lively 
white  light. 
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Tartar  of  vitriol  with  charcoal,  gave  a  fine  white 
light  to  the  fliells,  and  a  faint  appearance  of  red 
and  yellow.  > 

Spirit  of  wine,  produced  only,  a  lively  greenifli, 
and  bluidi,  light.  I  made  but  one  trial  with  it. 
Perhaps  a  different  quantity  of  it,  and  a  different 
heat,  would  have  occafioned  more  colours. 

A  quarter  of  an  ounce  of  animal  fat  with  the 
fliells  exhibited  a  fine  red,  and  blue,  on  two  fhells; 
and  a  purplifh  filvery  white  light  all  over  the 
other  parts.  The  other  fhells  were  very  bright, 
and  of  a  filvery  hue. 

P'refh  butter,  produced  the  colours,  and  rather 
vivid  than  otherwife ;  but  the  blue  was  the 
brightefl :  and  the  parts  that  were  white,  appeared 
not  quite  fo  intenle  as  thofe  in  the  laff  experi¬ 
ment. 

A  piece  of  glue,  the  fize  of  a  fliilling,  broken 
into  fmall  pieces,  and  put  between  two  fhells,  pro¬ 
duced  one  very  fine  brilliant  fpecimen  of  colours, 
without  fcaling  any  part  of  the  fhell.  The  red  was 
rather  brighter  than  that"  which  I  obtained  from 
nitre ;  and  this  colour  was  at  that  end  of  the  fhell 
which  was  neareff  the  bottom  of  the  crucible.  The 
yellow  lay  next  to  it,  then  the  green  ;  but  the  green 
was  much  broader,  and  more  intenfe  than  the 
yellow :  the  blue  lay  next  to  the  green,  and  a  faint 
purple  appeared  at  the  top  of  the  fhell.  I  now 
removed  the  upper  fcale  of  this  fhell,  and  expofed 
it  again  to  the  light.  On  doing  this,  two  feparate 
reds  appeared  where  one  only  had  been  vifible 

before ; 
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before  but  thefe  were  confiderably  brighter :  and 
what  feemed  the  mod  curious  to  me  was,  an 
exceeding  brilliant  purple  light,  which  lay  in  the 
interval  between  the  two  reds.  The  yellov/  green 
and  blue  colours,  were  a  little  improved  :  but  the 
purple  at  the  top  of  the  fhell  had  totally  difap- 
peared.  In  this  fpecimen  there  was  no  appear¬ 
ance  of  any  white  light  whatfoever.  There  were 
three  more  fhells  in  the  fame  crucible  at.  the 
fame  time  ;  but  not  one  of  them  exhibited  any 
of  the  colours  that  were  fo  remarkably  vivid,  as  the 
fpecimen  I  have  now  been  defcribing. 

Wool,  put  between  two  fhells,  in  a  crucible,  and  Wool, 
expofed  to  the  fire  for  ten  minutes,  and  then  to 
the  light,  exhibited,  in  the  dark,  a  red,  green, 
and  blue  light  on  one  of  the  fhells,  and  only  a  blue 
light,  on  the  other  fliell. 

The  bone  of  the  fcuttle-fifh,  which  had  been  Scuttle- 
thrown  by  the  fea  upon  the  beach,  and  which 
contains  confiderable  fhare  of  oil,  (even  in  it’s 
dried  date,)  was  put  into  a  common  feacoal  fire. 

In  a  very  little  time  it  was  properly  calcined  in 
fome  parts,  and  not  in  others ;  but  being  of  an 
exceeding  loofe  texture  (after  this  its  partial  calcina¬ 
tion)  it  was  with  fome  difficulty  I  could  preferve 
three  or  four  pieces  from  breaking  into  fmaller  parts. 

Thefe  were  expofed  to  the  light  as  ufual ;  and 
when  I  examined  them  in  the  dark,  there  appeared 
a  red,  and  blue,  colour  on  thofe  parts  which  were 
rendered  white  by  the  calcination  :  the  other 
parts,  that  were  not  calcined,  had  a  black  appear- 
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ance,  and  afforded  no  colours,  or  any  phofphorlc 
light. 

Hair,  burnt  with  the  fhells,  produced  a  red  and 
blue  light ;  thofe  colours  were  rather  bright  than 
otherwife. 

Amber  being  exceedingly  inflammable,  I  was 
not  a  little  folicitous  to  try  what  effe6l  it  would 
have  upon  the  fhells.  Having  procured,  therefore', 
three  fiat  pieces  of  amber,  about  the  fize  of  a  fliil- 
ling,  and  near  the  thicknefs  of  a  crown  piece,  they 
were  put  between  four  fliells  in  a  crucible ;  and 
after  expofing  them  to  a  good  fire  for  twelve  mi¬ 
nutes,  I  took  an  opportunity,  when  the  fun  was 
fhining,  for  it  was  in  December,  to  expofe  each 
ihell  to  it‘s  rays.  The  colours  thofe  fliells  exhibited, 
in  the  dark,  were  very  fine :  the  orange  and  yellow 
predominated  greatly  over  the  other  colours  upon 
one  of  the  fhells.  Upon  another,  the  red  and  green 
appeared  deeper  and  more  intenfe.  One  of  the  mid¬ 
dle  fhells  exhibited  all  the  colours  exadily  in  their 
order,  and  thofe  were  very  fplendid.  The  red 
part  of  the  fhells,  in  all  thele  fpecimens,  had  been 
next  the  bottom  of  the  crucible ;  and  what  proved 
rather  a  rarity  to  me  was,  the  purple  colour,  which 
appeared  full  as  bright  as  that  which  the  glue 
produced.  None  of  thefe  colours  w’ere  fo  vivid 
as  when  the  upper  fcale  w’as  removed.  But  it 
muft  be  remembered,  that  this  is  not  always 
practicable,  on  account  of  a  certain  degree  of 
hardnefs  which  the  fhells  acquire  in  fome  of  thefe 
experiments;  yet  feraping  the  fliells  does  not  an- 
fwer  fo  well  at  leaf!  with  me.  In  this  cafe,  I 
10  generally 
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generally  have  recourfe  to  breaking  the  £helis  into 
feveral  parts ;  by  which  means  I  have  an  oppor¬ 
tunity  of  feeing,  from  their  edges,  how  deep  the 
different  colours  penetrate  the  fhells,  after  they 
have  been  expofed  to  the  fun. 

The  moft  inflammable  fubftance  I  tried,  was  the 
phofphorus  of  Kunkel,  made  by  the  late  Dr. 
Hadley,  who  favoured  me  with  it  many  years  ago. 

Between  two  fhells  that  were  placed  horizontally 
'in  a  crucible,  I  put  a  fmall  piece  of  this  phof¬ 
phorus,  about  the  lize  of  a  very  fmall  pea,  and 
expofed  the  crucible,  fo  circumflanced,  to  a  mode¬ 
rate  firej  after  a  little  time  a  fine  bright  flame 
appeared  from  between  the  two  fhells :  in  five  or 
fix  minutes  more,  this  flame  expired.  I  continued 
the  crucible  in  the  fire,  three  or  four  minutes 
longer :  and,  after  having  expofed  the  fliells  to 
the  fun,  I  examined  them  in  the  dark  :  and  ob- 
ferved  that  the  fplendor  of  their  light,  in  general, 
was  very  great.  The  blue  appeared  the  ftrongefl: 
and  brighteft,  the  green  and  yellow  were  rather 
tender,  but  very  brilliant.  Upon  another  Ihell 
there  was  a  tender  orange  colour  and  green, 
which  we’-e  alfo  very  fine ;  befides  thefe,  there  was 
a  faint  appearance  of  the  other  colours,  excepting 
red.  Thefe  fhells  continued  luminous  above 
thirty  minutes. 

From  the  many  obfervations  made  upon  thefe 
colours,  during  fuch  a  variety  of  experiments,  I 
had  fufficient  encouragement  to  try  whether  the 
yellow,  green,  and  blue,  colours,  in  fome  of  my 
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beft  fpecimens,  might  not  be  changed  to  red,  by 
bringing  the  inflammable  fubftances  into  contaA 
with  thofe  parts  that  gave  fuch  colours. 

Accordingly,  I  put  feveral  of  thofe  fine  fpeci¬ 
mens  again  into  the  fire,  in  five  diflerent  crucibles ; 
after  having  marked,  with  the  point  of  a  penknife, 
the  places  on  the  fliells,  which  exhibited  thofe 
colours  only.  To  thefe  were  applied  the  inflam¬ 
mable  fubflances,  fuch  as  paper,  fugar,  gum  arabic, 
amber,  and  charcoal,  feparately.  And  though  I  found 
it  difficult  to  bring  mofl:  of  thefe  inflammable 
bodies  into  contadt  with  all  the  parts  of  the  fliells 
that  exhibited  the  yellow,  green,  and  blue  colours, 
on  account  of  their  irregular  furfaces ;  yet  with  a 
little  induflry  thefe  difficulties  were,  in  a  con- 
fiderable  degree,  removed.  For  after  expofing  the 
feveral  crucibles  to  the  fire,  but  at  different  times, 
and  then  examining  the  fhells  in  the  dark  fepa¬ 
rately,  many  of  the  colours  were  entirely  vaniflied ; 
and  in  their  room  the  red  had  taken  place ;  par¬ 
ticularly  in  three  fpecimens,  where  very  broad,  and 
intenfe,  blues  had  predominated  ^  the  greatefl;  parts, 
in  general,  of  that  colour  upon  the  three  fliells, 
were,  by  this  treatment,  changed  to  a  very  fine 
red. 

Moft  of  thofe  fhells  feemed  harder  and  firmer, 
after  this  fecond  procefs,  than  before  ;  I  mean  in 
thofe  parts  where  the  new  reds  were  produced. 

All  thefe  trials,  in  the  five  crucibles,  are  fet 
down  as  one  experiment ;  becaufe  it  was  appre¬ 
hended. 
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bended,  that  the  mentioning  of  them  feparately 
;  thought  too  tedious. _ _ _ —  '  ~~ 


One  of  the  fliells,  which  gave  no  other  phof-  Light, 
phorlc  light  than  what  was  caufed  by  calcination, 

I  expofed,  for  ten  minutes,  to  the  rays  of  the 
fun,  collected  by  a  mirror,  which  was  about  four¬ 
teen  inches  diameter,  and  then  removed  it  into 
the  dark.  On  that  part  of  the  fliell  where  the 
rays  fell,  the  light  appeared  coniiderably  brighter, 
but  without  exhibiting  any  colours.  It  did 
not  lail;  long  :  neither  was  the  brightnefs  of  the 
light  ^to  be  reftored  by  expofing  the  fltell,  in 
my  ufual  way,  (through  the  curtain)  to  the  open 
day. 

I  now  expofed  one  of  the  fine  fpecimens  of  the 
fhells  to  the  colle<fl:ed  rays,  as  before,  for  two  or 
three  minutes ;  and  by  moving  the  fhell  a  little, 
the  greater  part  of  it’s  furface  was  illumined  by 
thofe  rays.  This  fhell,  in  the  dark,  exhibited  the 
prifmatic  colours  very  lively,  and  I  think  rather 
more  fo  than  I  had  ever  feen  them  on  any  of  my 
former  fpecimens. 

V/ith  the  fun’s  light,  colledled  in  a  focus  by  a 

concave  mirror  that  was  about  two  feet  diameter, 

^  * 

I  calcined  fome  oyfter-fhells ;  with  a  view  to  try, 

whether,  by  that  treatment  only,  they  might  not 

be  made  to  exhibit  phofphoric  appearances,  and 

particularly  the  prifmatic  colours. 

When  the  infide,  of  one  of  the  fhells,  was  ex¬ 
pofed  to  the  colle<5ted  rays,  there  iffued  from  it  a 
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vapour,  which  was  fometimes  accompanied  with 
pretty  loud  explofions  :  this  vapour  continued  to 
pafs  out  for  a  while,  frequently  burfling  forth  in 
great  quantities,  and  throwing  feveral  fmall  parts 
of  the  Ihell  along  with  it.  At  the  fame  time 
there  efcaped  from. this  fliell  (as  well  as  the  other 
fliells  that  I  afterwards  tried)  a  watery  kind  of 
matter,  which  fell  upon  the  floor  in  drops.  When 
I  thought  that  part  of  the  fliell,  to  which  the  rays 
were  applied,  had  been  fufliciently  calcined,  I  fhifted 
the  fituation  of  the  fhell,  to  calcine  a  different  part. 
By  repeating  this  operation,  I  at  lafl  accom- 
pliflied  the  calcination  of  four-fifths  of  the  fhell  at 
leafl ;  I  mean  on  the  infide  thereof.  After  this, 

I  expofed  the  back  part  of  the  fhell  to  the  rays  in 
the  fame  manner,  but  hot  for  fo  long, a  time. 
The  longeft  time  this  fide  of  the  fliell  was 
expofed  to  the  rays,  in  all  thefe  trials,  did  not  ^ 
exceed  three  minutes ;  and  the  fliorteft  about 
twenty  feconds.  I  obferved  the  fame  rule  nearly 
with  all  the  other  fliells,  that  were  calcined 
afterwards.  Being  thus  prepared,  I  took  the  fliells 
into  the  dark  clofet,  and  after  waiting  a  proper 
time,  they  were  expofed  to  the  light  of  the  fun. 
On  examining  them  in  the  dark,  there  appeared, 
on  the  inflde  of  one  fliell,  a  very  good  red,  about 
half  an  inch  in  diameter ;  a  little  yellow,  and  a 
great  deal  of  tender  blue.  In  two  or  three  parts 
there  was  a  faint  appearance  of  purple.  And  at 
the  back  of  the  fame  fliell  I  obferved  two  broad 
tender  blues,  and  a  little  purple  between  them. 


On 
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On  the  infide  of  the  fecond  fhcll,  the  red  and 
yellow  were  very  vivid ;  there  was  alfo  a  good 
green  ;  but  the  blue  was  very  faintj  and  if  there 
was  a  purple,  I  did  not  obferve  it.  This,  how¬ 
ever,  was  not  the  cafe  on  the  oppofite  fide,  or 
back,  of  the  fliell ;  for  the  purple  predominated 
over  a  moderate  red,  and  blue,  light. 

The  colours  which  the  other  fhells  exhibited, 
were  pretty  nearly  the  fame  with  thofe  I  have 
juft  now  defcribed  ;  except  that,  in  two  of 
them,  there  was  no  appearance  of  purple ;  and 
in  one,  no  green ;  but  then  there  was  fome  red, 
and  blue,  with  a  great  deal  of  white  light  in 
various-  parts. 

It  may  be  proper  to  obferve,  in  this  place,  that 
moft  of  the  preceding  experiments  were  made  in 
the  winter,  and  in  various  kinds  of  weather. 
However,  I  would  not  be  underftood  to, mean  by 
this,  that  a  thick  fog,  or  rain,  or  fnow,  are  feafons  fo 
advantageous  for  expofing  the  ftrells  to  the  light, 
in  order  to  fee  the  colours  j  as  a  clear  fun,  or  even 
a  cloudy  day :  and  yet  I  have  been  able  to  obferve 
the  prifmatic  colours  pretty  diftind:,  even  in  thofe 
unfavourable  feafons.  < 

I  HAVE  now  gone  through  all  the  experi¬ 
ments,  upon  inflammable  bodies,  that  feem  moft 
elfential  for  eftabliftilng  one  of  the  principles  at 
leaft,  upon  which  the  prifmatic  colours,  in  the 
(hells,  appears  to  depend.  As  to  the  nature  of  this 

principle,, 
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principle,  whether  it  be  perfeclly  fimple  or  other- 
wife,  I  maft  leave  to  be  determined  by  thofe 
who  have  fuperior  abilities  for  invehi  gating  fuch 
difficult  queftions  :  I  content  myfelf  with  having 
ihewii  that  phlogiflon  is  effentially  necelTary  to¬ 
wards  producing  prifmatic  colours  in  phofphoric 
fubhances.  And  becaufe  calcined  ffiells  were 
generally  employed  in  moft  of  the  preceding  ex¬ 
periments,  I  lhall  make  a  few  obfervations  in 
this  place,  that  may  contribute  to  the  better  un- 
derffianding  of  this  curious  fubjedf. 

Calcined  ffiells,  from  the  weak  cohefion  of  their 
parts,  are  eafily  broken  or  feparated,  into  number- 
lefs  fcales  :  and  even  thofe  again  are  found  capable 
of  being  further  feparated  and  reduced,  fo  as  to 
become  invifible  to  the  naked  eye. 

-  From  feveral  of  the  preceding  experiments  it 
appears,  that  the  cohefion  of  thofe  parts  may  be 
confderably  increafed,  in  many  cafes,  by  only 
adding  a  quantity  of  the  inflammable  matter  :  for 
a  firmnefs,  and  compadlnefs,  frequently  takes  place, 
in  thofe  parts  only,  which  exhibit  a  red  light. 

And  as  I  have  conffiantly  found,  that  any  part 
of  the  ffiell,  may  be  difpofed  to  give  a  red  light, 
by  only  bringing  the  part  propofed  to  have  that 
colour,  into  contadl  with  the  fubftance  that  gives 
the  phlogifton,  we  have  a  proof,  that  there  is  no 
particular  difpofition  in  the  ffiell  to  exhibit  that 
colour  only,  without  the  aid  and  affiftance  of  the 
inflammable  principle. 

By  this  red  happening  in  confequence  of  the 

contadl. 
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contadl,  it  appears,  that  more  phlogifton  muft  have 
penetrated  the  fliell  in  the  part  where  the  red  was 
exhibited,  than  in  any  other.  This  colour,  there¬ 
fore,  depended  in  fome  degree  at  lead,  upon  the 
quantity  of  phlogifton  received  in  that  particular 
part. 

And  this  reafoning  received  the  fulled:  con¬ 
firmation  from  the  experiment  where  the  other 
colours  were  feverally  changed  to  red,  by  putting 
the  feveral  parts  of  the  fhell,  which  exhibited  them, 
into  contadi  with  the  fubllance  that  imparted  the 
phlogifton 

According  to  thefe  obfervations  then,  it  fhould 
feem,  that  different  quantities  of  phlogifton  are 
united,  in  fome  degree,  with  the  fhells  which  ex¬ 
hibit  prifmatic  colours ;  and  that  the  feveral  parts 
of  the  fhells  exhibit  fuch  colours  as  correfpond 
with  the  different  quantities  of  phlogifton  they 
refpedlively  contain.  The  parts,  for  example, 
which  contain  the  greateft  quantity  of  phlogifton 
(though  even  that,  perhaps,  may  be  limited)  emit, 
as  I  fuppofe,  no  other  colour  than  red ;  and  thofe 
which  contain  a  lefs  quantity  (but  next  in  degree) 
emit  no  other  colour  than  yellow ;  and  fo  on  of 
the  reft. 

When,  therefore,  the  whole  fubftance  of  any 
fhell  happens  to  be  uniformly  prepared,  fo  that 
the  quantity  of  phlogifton  combined  with  it,  is 


•  Page  59. 

1 


not 


[  66  ] 

not  more  in  one  place  than  in  another;  fuch  a 
lliell,  I  apprehend,  according  to  this  manner  of  rea- 
foning,  rfiould  emit  but  one  uniform  colour 
throughout.  And  if  we  confult  experiment,  this 
obfervation  is  not  without  fome  foundation  :  for 
I  have  frequently  found  that  fome  fliells  would 
exhibit  a  green  phofphoric  light  in  every  part; 
fome  a  blue  light  only;  and  others  a  yellowifh 
light,  inclining  a  little  to  the  orange. 

That  different  quantities  of  phlogifton  are  ne- 
ceffary  to  prepare  the  feveral  parts  of  the  Ihells 
properly  for  exhibiting  different  colours,  appears 
from  each  of  the  colours  being  frequently  changed, 
and  rendered  fainter  at  the  end  of  a  few  days  only, 
unlefs  the  weather  happens  to  be  very  dry ;  merely 
by  the  fhells  imbibing  moifhire  from 'the  air:  for 
moijfture,  by  uniting  with  the  fhells,  difengages 
the  phlogifton,  (or  part  of  it  at  lead:)  that  is 
lodged  within  their  fubftance. 

That  phlogiflon  is  conftantly  difengaged  from 
particular  fubftances  by  the  reception  of  moifture, 
appears  from  the  following  indance.  When  ful- 
phur  and  iron  filings  ^re  mixed  together,  they 
remain  in  a  quiefeent  ,date ;  but  upon  moidening 
them  with  water,  the  whole  mafs  is  entirely  de- 
compofed,  by  the  efcape  of  the  phlogidon  which 
made  part  of  the  compofition ,  of  the  fulphur 
and  iron  :  and  the  fubdance  which  remains 
behind,  after  the  efcape  of  the  phlogidon,  that 
is,  the  calx  of  the  iron,  and  the  vitriolic  acid 
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of  the  fulpliar,  is  found  united  in  the  form  of 
green  vitriol. 

.  It  appears,  likewife,  that  many  other  changes 
frequently  happen  in  bodies  by  a  fimilar  operation  : 
fiich  as,  fermentation,  putrefaction,  &c.  for  thofe 
changes  depend  upon  the  inflammable  parts  flying 
off,  in  confequence  of  their  cohefion  being  ren¬ 
dered  weaker  by  this  principle  of  moifture ;  bc- 
caufe,  without  the  mediation  of  water  none  of 
thofe  effects  are  obferved  to  take  place.  The  cal¬ 
cined  (hells,  we  are  treating  of,  are  particularly 
fubjeCt  to  this  change,  as  we  find  they  are  in  a 
great  meafure,  converted  into  quicklime  ;  the 
cohefion  of  which  to  water  is  known  to  be  exceed- 
ing  great. ' 

WITH  regard  to  the  fliells  exhibiting  prifmatic 
colours  in  the  dark,  and  yet  affording  no  other 
appearance  in  the  open  day,  than  the  fame  white 
light  they  acquired  by  calcination;  a  very  little 
confideration  may,  perhaps,  explain  this  matter, 
as  we  find  it  fo  exaClly  confonant  with  other 
phaenomena  in  the  natural  world. 

The  ftars,  and  even  the  moon  itfelf,  are  totally 
obfcured  when  the  fun  is  in  ^he  meridian,  by  the 
flood  of  light  that  is  diffufed  over  the  whole  of  our 
atmofphere.  And  yet,  when  that  fuperior  light 
is  withdrawn,  how  very  fplendid  do  the  moon  and 
flars  appear !  Now  the  darknefs  we  produce  by 
art,  exceeds  this  natural  one  by  many  degrees. 
No  wonder  then,  that  the  difference  between  the 
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external  light,  and  the  clofet  we  have  deferibed, 
is  far  greater  than  that  between  noon  and  mid¬ 
night  and  more  efpecially  whilft  the  moon  con¬ 
tinues  ihining.  It  is,  therefore,  entirely  owing  to 
this  very  great  difference,  that  the  prifmatic  co¬ 
lours  in  the  fhells  become  fo  vifible  in  the  dark, 
when  the  eye  is  properly  prepared.  So  likewife, 
thofe  colours,  though  they  actually  continue  to 
exift  in  the  open  day,  ceafe  to  appear,  immediately 
on  being  expofed  to  the  fun,  by  the  very  great 
quantity  of  reflected  light  with  which  they  are 
furrounded. 

And  however  firange  it  may  appear,  I  have 
fome  foundation  for  apprehending,  that  the  fplen- 
dor  of  the  prifmatic  colours  in  the  open  day, 
could  we  perceive  them,  is  far  greater  than  that  we 
obferve  in  the  dark.  This  notion  arifes  from 
many  obfervations  that  were  made  during  the 
whole  courfe  of  the  preceding  experiments.  For 
when  the  different  phofphori  were  brought  from 
the  light  into  the  dark,  the  fplendor  of  the  co¬ 
lours  was  exceedingly  more  vivid  in  the  firft  inflant, 
than  it  appeared  even  in  the  third  of  a  fecond  after¬ 
wards.  The  difappearing  of  this  great  degree  of 
brilliancy  was  fo  fudden,  that  I  could  feldom  move 
the  fubflances,  which  exhibited  it,  a  few  inches 
from  the  curtains,  before  a  confiderable  alteration 
in  it’s  vividnefs  had  taken  place :  notwithflanding 
the  time  in  moving  the  phofphori  from  the  cur¬ 
tains  to  the  convenient  diflance  for  obferving,  (it 

being 
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being  about  1 2  or  15  inches)  was  not  more  than 
one  fecond. 

IN  defcribing  the  preceding  experiments,  I 
have  fet  down  the  feveral  colours  which  were  ob- 
ferved  in  each  ihell ;  the  order  in  which  they 
happened  to  lie ;  and  generally  their  degrees  of 
brightnefs,  as  they  appeared  at  12  or  15  inches 
from  the  curtains.  Neverthelefs,  I  fhall  not  be 
furprifed,  if  another  obferver  was  to  find  the  co¬ 
lours,  in  all  thefe  refped:s,  confiderably  different, 
even  at  that  diftance,  on  account  of  a  variety  of 
circumftances  which  accompany  each  experiment ; 
and  which  may  be  materially  necelfary  in  producing 
the  colours  as  I  found  them.  Such  as,  the  quan¬ 
tity  of  matter,  or  materials,  that  is,  or  are,  to 
part  with  the  phlogiflon  ;  the  manner  and  diftance 
of  their  application  to  the  fhells  ^  the  uneven  and 
irregular  furfaces  of  thofe  fhells  in  general ;  and 
the-  great  uncertainty  of  the  heat  employed  in 
each  experiment,  &c.  Thefe  are  confiderations 
of  fome  moment  with  me,  and,  in  my  opinion, 
render  it  very  difficult,  nay,  perhaps,  impoflible, 
to  make  any  two  experiments  with  the  fame  ma¬ 
terials,  fucceed  in  every  refpedl  alike  :  and  as  I 
had  no  exa6l  rule  to  guide  me /in  the  great  number 
of  experiments  I  have  made,  it  will  be  no  wonder 
if  more  able  obfervers  fhould  produce  the  colours 
in  greater  perfection  than  I  have  done :  for  I  am 
fo  young  in  thefe  refearches,  that  I  do  not  know 
whether  I  have  yet  feen  any  one  of  the  prifmatic  . 
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colours  in  the  greatell  perfection  poffible.  How¬ 
ever,  notwithflanding  all  the  confiderations  and 
difiicultics  I  have  mentioned  above,  no  one  ought 
•  to  be  dilcouraged  from  making  the  experiments, 
as  he  will  certainly  obtain  the  prifmatic  colours  in 
fome  degree  or  other,  even  if  his  attempts  Ihould 
happen  to  be  made  rather  cai'elefsly  than  other- 
wife. 

To  Ihew  how  eafy  it  is  to  produce  the  prifmatic 
colours,  I  will  give  an  example,  where  nothing 
more  is  required  than  a  few  oyfler-fhells,  and  a 
good  fire  of  any  kind.  For  if  thole  fliells  arc 
thrown  carelefsly  into  the  middle  of  the  fire, 
and  continued  there  for  a  proper  time,  (which 
may  be  from  ten  minutes,  a  quarter,  half,  or  three 
quarters,  of  an  hour,  to  one,  two,  or  three  hours, 
according  to  the  thicknefs  and  compaCtnefs  of  the 
fhells,  and  the  degree  of  fire  they  are  expofed 
to)  they  will  exhibit  the  prifmatic  colours  very 
lively,  after  they  are  removed  from  the  fun  into 
the  dark  fuddenly ;  and  the  eyes  have  been  previ- 
oufly  prepared  a  little  to  receive  them. 

My  fuccefs  of  late  has  been  fo  confiderable  in 
this  refpeCt,  that  a  general  account  of  it  ought  not 
to  be  omitted. 

Half  a  dozen  of  thofe  fhells  I  forced  into  the 
middle  of  a  fea-coal  fire,  (which  was  then  flaming, 
in  the  part  where  they  were  put)  and  continued 
them  there  one  hour.  Upon  taking  the  fhells  out, 
the  furfaces  had  acquired  a  dirty  yellowifh  hue,, 
When  they  were  fcaled,  and  expofed  to  the  light, 
7  the 
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the  colours,  in  the  dark,  exceeded  all  thofe  which 
I  had  obferved  before.  In  one,  the  green  pre¬ 
dominated  in  fo  extraordinary  a  manner,  that  I 
thought  it  was  the  brighteft  and  moft  beautiful 
colour  I  had  ever  beheld.  In  another,  the 
yellow  and  red  were  very  broad,  and  lively.  In 
a  third,  all  the  colours  were  exhibited  to  very 
great  advantage.  The  fourth  fhewed  a  very  fine 
red,  and  blue ;  but  the  yellow,  and  green,  were 
fainter.  The  fifth  and  fixth  exhibited  very  fine 
colours  alfo.  Thefe  colours  did  not  only  excel 
in  their  fplendor  of  light,  but  in  the  continuance 
of  their  colours ;  for  I  was  able  to  obferve  them 
near  three  minutes.  In  all  thefe  fpecimens  there 
was  no  inftance  where  the  colours  lay  exactly  in 
their  order. 

Upon  expofing  fome  of  thofe  fhells  to  the  fire 
again  for  fifteen,  or  twenty,  minutes  more,  the  co¬ 
lours  were  varied  in  many  places,  and  new  ones 
appeared  in  others. 

From  this  lafi:  experiment,  and  fome  former  ob- 
fervations,  I  fufpedt,  that  the  fhells,  during  their 
calcination,  are  continally  undergoing  fuch  a  variety 
of  changes  in  their  component  parts,  by  the  in¬ 
flammable  principle  they'  recei\^e,  that  they  are 
almoft  every  moment  differently  difpofed,  in  differ¬ 
ent  parts,  to  exhibit  different  colours.  It  is  there¬ 
fore  probable,  that  there  is  a  time  for  taking  the 
fhells  out  of  the  fire,  when  they  are  difpofed 
to  exhibit  the  colours  in  the  mofl:  favourable  man¬ 
ner  ^  but  to  feize  upon  that  moment,  when  the 
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ihells  are  fo  dlfpofed  to  give  the  colours  to  the 
greatefl  advantage,  is  a  circumflance  beyond  the 
reach  of  my  abilities  :  and  indeed  to  fay  the  truth, 
I  have  always  found  that  chance  did  more  for 
me,  in  this  refpedt,  than  judgment ;  as  for  ex¬ 
ample.  At  one  time  I  have  obferved  the  green 
to  predominate  over  the  other  colours  in  an  ex¬ 
traordinary  manner,  I  mean,  as  to  breadth  and 
brilliancy  }  at  another,  the  blue  excelled  ;  and  fo 
on  with  refpedl  to  the  other  colours ;  excepting  the 
purple,  which  I  very  rarely  was  able  to  obferve ; 
there  being  but  five  or  fix  infiances  where  that 
colour  appeared  very  bright.  However,  I  found 
upon  the  whole  fuch  an  endlefs  variety  of  fine 
colo'urs  to  be  produced  in  this  manner,  that  it  hath 
amply  repaid  me  for  all  the  trouble  I  have  had 
in  thefe  curious  refearches. 

To  ihew  how  excellent  fome  of  thefe  fpecimcns 
were  as  phofphori,  the  flame  of  a  candle,  at  eight 
or  ten  feet  difiance,  was  fufficient  to  make  them 
exhibit  a  little  phofphoric  light,  in  the  dark ;  and 
this  light  would  continue  for  fome  time,  but  with¬ 
out  exhibiting  any  of  the  colours. 

In  treating  of  the  prifmatic  colours  exhibited 
by  gold,  I  mentioned  the  effedts  which  a  Angle 
leaf  of  that  metal  produced  :  and  having  fince 
obferved  that  the  red  appearances  are  occafioned  by 
the  contadl  of  metal,  or  other  fubfiances,  which 
impart  their  phlogifion  to  the  fiiells,  and  the 
great  difficulty  there  is  in  bringing  a  large  fur- 
face  of  metal  into  contadt  with  thofe  calcareous 
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bodies,  whfch  are  generally  very  uneven  and 
irregular  at  their  furfaces ;  I  had  a  defire  of  try¬ 
ing,  whether  the  whole  fiiell  might  not  be 
made  red,  by  laying  a  number  of  gold  leaves,  one 
upon  another,  all  over  it,  and  expofing  the  fhell 
afterwards  to  a  proper  degree  of  heat.  Upon 
making  the  experiment  with  fix  of  thofe  leaves 
I  was  not  difappointed ;  as  they  were  made  to  lie 
pretty  clofe  to  the  thell  by  blowing  upon  them 
gently.  In  this  fituation  the  fliell  was  put  hori¬ 
zontally  into  a  crucible,  but  with  the  gilded 
fide  upwards,  and  upon  that,  I  laid  another 
fhell.  Thefe  were  put  into  the  fire  for  ten  or 
twelve  minutes,  and  after  expofing  them  to  the 
light,  the  whole  furface  of  the  fhell,  where  the 
gold  had  been  in  conta(5t,  exhibited  a  red  light 
that  was  rather  brilliant  than  otherwife,  except¬ 
ing  a  very  fmall  part  which  had  a  faint  green- 
ifh  hue.  The  upper  fiiell  exhibited  a  red  light 
alfo,  but  this  red  appearance  was  fomething 
weaker,  and  only  obfervable  in  two  or  three  parts 
on  that  furface  which  lay  next  to  the  gold.  This 
experiment  feems  to  confirm  my  former  fuppo- 
fition,  where  it  was  obferved,  that  when  the 
whole  fubftance  of  any  fhell  happens  to  be  uni¬ 
formly  prepared,  fo  that  the  quantity  of  phlogifton 
combined  with  it,  is  not  more  in  one  place  than 
in  another,  it  ought  to  emit  but  one  uniform 
colour  throughout. 

After  trying  a  few  experiments  upon  fome  fmall 
pieces  of  a  fiiell,  known  by  the  name  of  mother- 
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of-pearl,  I  had  encouragement  to  calcine  the  whole 
of  one  of  tbofe  Ihells.  It  was  very  large,  and 
required  fome  care  in  the  calcination  to  prevent 
it’s  breaking,  and  fcaling,  into  fmall  parts,  which 
it  is  extremely  fubje6t  to,  by  the  efFedt  of  fire. 
This  fliell  I  expofed  to  a  moderate  heat,  and  con¬ 
tinued  it  in  that  fituation,  more  than  twelve 
minutes.  But,  notwithftanding  all  my  care,  on 
taking  it  out  of  the  fire,  the  Ihell  broke  into  two 
pieces,  and  many  fcales  feparated  from  it.  Thofe 
pieces  I  expofed  to  the  light  at  different  times ; 
upon  obferving  them  in  the  dark,  both  fides  of 
thofe  pieces  exhibited  the  colours  very  finely.  The 
red,  yellow,  and  blue,  appeared  very  diftind;  and 
lively,  all  over  both  fragments  :  there  was  a  little 
green,  but  it  was  rather  faint ;  and  a  few  fmall 
parts  gave  no  colour  at  all.  There  was  no  ap¬ 
pearance  of  any  white  light  whatfoever  on  either 
of  thofe  pieces.  Upon  the  whole,  I  do  not  think 
that  the  colours  exhibited  by  this  fiiell,  of  mo¬ 
ther-of-pearl,  were  finer  than  thofe  which  the 
oyfter-ihells  produce  :  yet  the  magnitude  of  thefe 
pieces,  afforded  fuch  a  variety,  and  breadth,  of 
colours  as  might  prejudice  a  common  obferver  to 
give  them  the  preference. 

Neverthelefs,  the  Ihells  of  mother-of-pearl  are 
not  recommended  in  preference  to  oyfter-ihells, 
for  making  experiments  with,  on  account  of  their 
being  fo  eafily  broken,  and  feparated  into  fmaller 
parts  by  calcination. 

Some  oyfter-fliells,  however,  are,  from  their 
9  nature. 
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nature,  far  better  than  others  for  thefe  kind  of 
experiments  :  at  lead;  I  have  found  them  fo  in  the 
courfe  of  my  little  experience.  The  bell  fhells 
are  thofe,  which  from  their  thicknefs  and  com- 
padnefs,  require  the  longeft  time  to  calcine  pro¬ 
perly.  I  mention,  properly,  becaufe  they  mufl 
be  firm  enough,  after  their  calcination,  to  admit 
of  being  fcaled  without  much  difficulty.  I  have 
known  fome  fhells,  in  a  moderate  fire,  require 
two  or  three  hours,  nay  fometimes  more,  before 
they  were  properly  calcined :  whilfl  others,  of 
a  different  thicknefs,  and  compadnefs,  although 
expofed  to  the  fame  degree  of  fire  nearly,  were 
frequently  reduced  to  a  fine  powder  in  lefs  than 
half  that  time.  In  my  experiments  therefore, 
when  1  was  obliged  to  make  ufe  of  the  inferior 
kind  of  fhells,  I  endeavoured  to  proportion  the 
time  accordingly,  that  they  might  retain  the  necef- 
fary  degree  of  compadnefs,  which  would  admit 
of  their  being  eafily  fcaled. 

DURING  the  making  of  all  the  preceding  ex¬ 
periments,  I  took  every  opportunity  in  my  power 
to  learn  whether  the  prifmatic  colours,  in  phof- 
phoric  fubflances,  had  been  difcovered  by  thofe 
who  have  written -upon  the  fuojed  of  phofphori. 
Hitherto  I  have  not  been  able  to  find  that  any 
other  colour,  than  a  red  light  has  been  obferved, 
and  that,  in  two  or  three  different  phofphori;  par¬ 
ticularly  in  one,  by  the  celebrated  Marggraaf,  which 
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is  mentioned  in  a  memoir  of  his,  printed  in  the 
Berlin  A6ts  for  1750,  vol.  vi.  p.  1 56. 

La  folution  d’ecailles  d’huitre  faite  dans  I’efprit 
de  nitre,  precipitee  par  I’efprit  de  vitriol,  &  cal- 
“  cinee  avec  lefj  charbons,  donnera  une  lumiere 
rouge.  ‘ 

When  I  firft  read  the  account  of  this  experi¬ 
ment,  it  appeared  fomewhat  fingular  to  me,  that 
the  phofphoric  preparation,  therein  defcribed,  gave 
only  a  red  colour  in  the  dark,  notwithftanding  it 
had  been  expofed  to  a  charcoal  fire  :  I  have  fince 
fufpedted,  that  the  heat  M.  Marggraaf  employed, 
was  either  too  violent,  or  too  long  continued  ;  for 
I  have  frequently  obferved,  that  the  colours,  which 
the  fliells  exhibit,  may  be  entirely  deftroyed,  in 
either  of  thefe  cafes,  as  a  white  light,  afterwards, 
generally  occupies  the  places  of  the  colours :  nay, 
I  even  fufpedt,  that  a  lefs  heat  is  required  to  occa- 
fion  a  furple  colour  in  the  fliells,  than  appears 
neceffary  for  producing  the  other  colours. 

Had  I  met  with  this  curious  experiment  of 
M.  Marggraaf ’s,  before  I  obferved  the  prifmatic 
colours  at  firft,  it  is  not  improbable  but  that  this 
undertaking  of  mine  would  have  been  fhortened 
confiderably,  by  falling  upon  a  different  train  of 
experiments.  However,  fince  the  method  here 
taken  hath  been  productive  of  fome  material  in¬ 
formation,  it  may,  perhaps  upon  the  whole,  be 
as  well  as  it  is  ;  for  in  thefe  curious  refearches, 
where  a  feries  of  experiments  were  my  guide, 
many  circumftances  confpired  to  throw  more  light 

upon 
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upon  the  fubje<5t,  than  would  probably  have  been 
found  by  proceeding  upon  a  diiferent  plan. 

In  confequence  of  my  fteadily  purfuing  thofe 
experiments,  ftep  by  ftep,  with  great  application 
and  induftry,  and  obferving  every  circumftance, 
in  each  experiment,  with  all  the  care  and  atten¬ 
tion  I  was  able,  in  hopes  of  tracing  out  fome 
fecret  principle  upon  which  the  phofphoric  power 
depended.  Accident  threw  into  my  way  fo  extra¬ 
ordinary  an  objedt,  I  mean,  the  colours  refembling 
thofe  in  the  rainbow,  mentioned  in  page  23,  that 
I  confidered  it  as  a  confiderable  acquifition  in  ex¬ 
perimental  philofophy  to  exercife  my  moderate  ta¬ 
lents  «jpon.  No  day  paffed,  from  the  time  I  made 
that  experiment,  to  the  completion  of  thefe  ob- 
fervations,  without  making  fome  new  experiments, 
or  obtaining  further  information  ;  and,  after  having 
extended  my  refearches  fo  far  as  to  be  able  at  all 
times,  by  the  fimpleft  means,  to  produce  the  prif- 
matic  colours  fo  very  intenfe  and  beautiful,  without 
ever  failing  in  my  attempts ;  it  now  appears  a  mat¬ 
ter  of  fome  furprize,  how  I  avoided  making  the  dif- 
covery,  immediately  after  I  had  obferved  the  effects 
upon  the  Ihells  that  were  calcined  in  the  cracked 
crucibles,  mentioned  before  in  ^n  early  part  of  thefe 
experiments.  What  a  deal  of  fatigue  and  trouble 
would  the  putting  of  an  oyfter-fhell  into  the  fire 
have  prevented  !  Who  would  have  thought  that  fo 
fimple  an  operation  could  have  produced  fuch  ex¬ 
traordinary  appearances  ?  and  that  thofe  appear¬ 
ances,  fimple  as  the  operation  is,  fhould  have 
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cfcaped  the  obfervations  of  philofophers,  and  thofc 
particularly  who  have  intcrefted  themfelves  in  thefe 
matters  for  fo  many  years  pafl  ?  But  experi¬ 
ence  teaches  us  daily,  that,  during  an  over  eager- 
nefs  in  our  purfuits  to  attain  fome  favourite  point, 
v/e  generally  overlook  others  of  a  more  extraor¬ 
dinary  nature.  Perfeverance,  in  the  end,  how¬ 
ever,  fometimes  makes  great  amends  for  thofe 
overfights,  by  difclofing  gradually  the  objedl-^  we 
are  in  fearch  after ;  but  it  muft  be  allowed, 
that  Accident  is  frequently  more  liberal,  by  remov¬ 
ing  the  veil  at  once,  when  we  the  leaft  think  of 
it.  For  my  part,  I  have  been  greatly  obliged 
to  Accident  upon  this,  and  many  other  occ^hons ; 
and,  had  it  not  been  frequently  taken  notice  of 
before,  I  fhould  have  enumerated  fome  of  the 
greatefl  difeoveries  that  have  been  made  by  others 
entirely  through  accident. 


It 
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IT  now  remains  to  fay  Something  concerning  the 
nature  of  the  light  by  which  phofphoric  bodies 
are  feen  to  fhinc  in  the  dark. 

The  few  experiments  and  obfervations  which 
I  have  to  offer  upon  this  fubjed;,  are  thrown  out 
merely  for  the  conlideration  of  more  able  obfervers, 
who  may  hereafter  be  difpofed  to  inveftigate  the 
caufe  of  this  luminous  property;  as  I  know  very 
well,  from  experience,  that  even  diftant  hints  are 
fometimes  attended  with  very  good  confequences. 

In  the  firft  memoir  by  M.  Beccari,  there  are  other 
ideas  refpeding  this  matter,  which  to  me  appear 
highly  deferving  of  attention.  But  to  enter  upon 
thofe  curious  fpeculations  in  fuch  a  manner  as 
they  deferve,  requires  greater  abilities  than  I  am 
maffer  of.  The  little  knowledge  I  have  in  thefe 
matters  is  founded  upon  a  few  experiments  of  my 
own,  and  Sir  Ifaac  Newton’s  Obfervations  upon  the 
nature  and  adion  of  light  and  fire,  and  the  ful- 
phureous,  or  rather  inflammable,  principle  de¬ 
scribed  in  his  Optics. 

All  fubflances  feem  to  contain  the  inflammable 
principle  more  or  lefs ;  and  thofe  fubftances  which 
abound  with  it  moft,  are  obferved  to  grow  hot, 
and  kindle  into  fire,  and  flame  more  readily,  by 
the  adion  of  light,  or  other  violent  motions,  than 
other  bodies  do. 
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This  principle,  however,  does  not,  in  all  cafes, 
appear  to  be  equally  diftributed  through,  or  equally 
united  to,  the  feveral  parts  in  all  bodies. 

In  phofphoric  bodies,  for  example,  the  inflam¬ 
mable  principle  appears  to  be  fo  weakly  united, 
(and  even  in  thofe  infliances  where  fome  parts  con¬ 
tain  more  of  it  than  others,  as  in  the  fhells  we 
have  experimented  upon,)  that  it  is  more  liable  to 
be  difengaged,  and  emitted  from  them,  in  con- 
fequence  of  the  adlion  of  light,  or  other  violent 
motions,  than  in  other  inftances  where  it  is  more 
ftrongly  united. 

And  that  the  phofphoric  light  depends  in  a 
conflderable  degree  upon  this  inflammable  prin¬ 
ciple,  and  not  entirely  upon  the  folar  rays  which 
the  fhells  imbibe,  appears  from  forne  experiments 
I  made  in  confequence  of  reading  a  curious  one, 
related  by  the  celebrated  M.  Beccari,  profefTor 
of  natural  philofophy,  of  Turin,  in  the  Tranfac- 
tions  of  the  Royal  Society  for  the  year  1771  and 
which  I  have  repeated  many  times  in  the  manner 
in  which  it  is  defcribed ;  and  alfo  with  fome 
conflderable  variations.  But,  whether  from  not 


*  Thecas  plures  confici  curavi  ex  lamina  ferrea  cylindraceas  intus 
nigerrimas.  Operculum  late  pertufum  cryftallo  occluditur,  colore  in 
theca  quaque  diverfo.  Singulis  thecis  offas  immifi  ex  phofphoro 
calcareo-fulphureo  fingulas  omnia  pares.  Has  claufas  foli  objiciuntur 
fimul  omnes ;  afportatas  in  tenebras  aperio,  atque  offam,  quas  per 
cryllallum  viridem,  video  virefcere ;  rubefcere,  quze  per  rubram  ; 
flavefcere,  qu«  per  flavam  cryllallum  lucem  Imbuit  :  videlicet  confit 
hoc  experimento  jam  non  quantum  folum  lucem  ebiberit  phofphorus, 
fed  et  qualem,  eam  ipfum  unice  emittere. 
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knowing  forne  material  circumftance  which  he, 
poflibly,  may  have  omitted,  or  that  there  may  re¬ 
main  fomething  effential  v/hich  I  have  overlooked, 
the  experiment,  in  my  trials,  did  not  fucceed  as 
he  hath  defcribed  it. 

This  learned  author  tells  us,  that  he  procured  X. 
feveral  cylindrical  boxes  of  brafs,  which  were  black 
on  the  inlide.  The  top  of  each  box  was  covered 
with  glafs  of  a  different  colour.  In  each  of  thefe 
boxes  he  put  cakes  of  fulphureo-calcareous  phof-,e-^^>^ 
phorus  which  were  like  each  other  in  all  refpet5ls ;  ^ 
and  after  they  were  inclofed,  he  expofed  them  all  '  ^ 

to  the  fun  at  the  fame  time  :  and,  after  having 
brought  them  into  the  dark,  he  then  opened  the 
boxes.  Upon  which  he  perceived,  that  the  cake, 
which  had  imbibed  the  light  through  the  green 
glafs,  was  green ;  that  through  the  red,  was  red, 
and  that  through  the  yellow  was  yellow.  From 
this  experiment  he  not  only  obferved  how  much 
light  the  phofphorus  had  imbibed,  but  that  it 
emitted  light  of  fuch  colour  only  as  it  imbibed. 

Dr.  Prieftly,  after  giving  an  account  of  M. 

Beccaria’s  experiment,  proceeds  in  thefe  words  : 

This  therefore  feems  to  be  decifive  in  favour  of 
the  opinion,  that  the  phofjihorus  emits  the  very 
‘‘  fame  light  that  it  receives,  and  no  other,  and 
‘‘  confequently  that  light  confifts  of  real  particles 
of  matter,  capable  of  being  thus  imbibed,  re- 
‘‘  tained,  and  emitted  ;  and  I  doubt  not  but  that 
Zanottus,  (if  he  be  now  living)  will  t^etraB  his 
conclufion 
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Now  Zanotti’s  conclufion,  by  the  fame  author, 

(for  I  have  not  feen  the  original)  is,  “  that  phof- 
“  phori  fhine  by  their  own  native  light,  after  they 
“  have  been  kindled  by  foreign  light.” 

I  am  inclined  to  think  that  the  learned  Zanotti 
is  confiderably  .nearer  the  truth  than  Dr.  Prieftly 
apprehends :  for  it  feems  highly  probable,  that 
(if  he  be  now  living)  he  will  have  no  reafon  to 
retraB  his  conclufion,  after  reading  the  following 
experiments  and  obfervations  3  or  at  leaf!  till  they 
are  contradicSled  by  other  experiments. 

I.  My  firft  attempt,  in  repeating  M.  Beccaria’s 
experiment,  was  with  cylindrical  glalfes  of  dif¬ 
ferent  colours,  that  were  open  at  one  end,  and 
covered,  occafionally,  with  three  pieces  of  black  % 
leather.  The  depth  of  each  glafs  was  about  fix 
inches,  and  the  width  about  two  inches.  Into 
thefe  glalfes  I  put,  at  different  times,  the  fame 
calcined  lliell  3  which  had  been  previoully  prepared 
to  exhibit,  upon  occalion,  a  fine  white  light  that 
would  continue  for  a  confiderable  time.  I  then  tied 
the  leathers  over  the  aperture  of  the  glafs  with  which 
the  experiment  was  made  3  and,  as  each  glafs  had  a 
little  bending  border  round  the  top,  which  projedfed 
outwards,  it  was  the  more  convenient  to  exclude 
the  light,  by  tying  the  leathers  clofe  below  this 
border.  The  advantage  gained  by  having  glaffes, 
inftead  of  metal  boxes,  was,  that  the  diell  within 
was  more  expofed  to  the  fun  than  in  M.  Beccaria’s 
method.  And,  that  the  lead;  time  might  be  lod  by 
untying  the  leathers,  I  tied  them  with  a  broad 

piece 
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piece  of  tape,,  and  in  fuch  a  manner,  that  one 
motion  was  fufficient  to  leave  the  leathers  at  li¬ 
berty.  In  all  the  trials  I  made  with  thofe  glalTes, 
'  and  with  the  fame  prepared  Ihell,  there  was  no 
other  appearance  than  a  white  light :  but  that 
light  was  fainter  than  the  phofphoric  light  pro¬ 
duced  by  expoling  the  fhell  to  the  open  day. 

2.  I  then  had  recourfe  to  cylindrical  boxes,  that 
were  black  on  the  infide ;  into  which  I  put  the 
fame  fhell  in  each  experiment,  and  then  covered 
the  boxes  with  glafs,  in  the  manner  M.  Beccaria 
has  deferibed.  After  this,  they  were  expofed 
to  the  fun,  but  at  different  times.  When  I 
uncovered  the  box,  by  removing  the  red  glafs, 
(which  was  the  firfl  experiment)  the  fliell  ex¬ 
hibited  the  fame  kind  of  white  light  I  had  obferved 
with  the  cylindrical  coloured  glaffes.  So  likewife 
there  was  no  difference  in  the  appearance  of  this 
light,  when  the  green,  yellow,  or  blue-making 
rays  were  tranfmitted  feparately  through  the  re- 
fpedive  coloured  glaffes,  (on  the  other  boxes)  upon 
the  fame  fhell. 

3.  But  left  any  objection  might  be  made  to  the 
nature  of  the  phofphoric  fhell  employed  in  the 
laft  experiment,  1  repeated  it,  and  the  others,  with 
the  fulphureo-calcarCous  phosphorus  which  Mr. 
Canton  gave  an  account  of  to  the  Royal  Society, 
and  which  feems  to  have  been  the  fame  that  M. 
Beccaria  made  ufe  of,  without  being  able  to  ob- 
ferve  any  alteration  in  the  appearances  from  thofe 
deferibed  above. 

L  2  Seeing 
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Seeing  fo  great  a  difference  in  M.  Beccaria’s  ob- 
fervations,  compared  with  thefe ;  and  left  any  dou-bt 
fhould  remain  between  our  experiments,  I  had  a 
mind  to  try,  whether  that  doubt  might  not  be  re¬ 
moved,  by  varying  the  experiment. 

4.  To  this  end,  inftead  of  employing  the  fhell 
which  exhibited  the  white  light,  I  put  in  it’s  place 
another  fhell,  which  would  exhibit  the  prifmatic 
colours  intenfely  bright,  after  it  had  been  expofed 
to  the  fun.  By  this  alteration  I  imagined,  that  if 
the  coloured  glafs  made  any  material  difference,  it 
would  be  perceptible  upon  fome  one,  or  other,  of 
the  colours.  The  lirft  experiment  was  made  with 
the  cylindrical  box,  and  a  fine  piece  of  red  glafs, 
which  was  well  ground  and  poliftred  on  both 
fides,  and  tinged  equally  with  red  throughout. 
On  removing  this  glafs  in  the  dark,  after  the  ftiell 
in  the  box  had  been  expofed  to  the  fun,  the 
prifmatic  colours  appeared }  and  I  could  not  per¬ 
ceive  any  alteration  in  them,  except  that  they  were 
fainter. 

The  fame  effedl  of  colours,  nearly,  was  produced, 
when  each  of  the  glaffes  was  put  in  the  place  of 
the  red  glafs., 

AFTER  thefe  experiments,  I  made  fome  others 
upon  phofphoric  fhell s,  by  the  application  of  heat. 

5.  Having  prepared  leveral  fine  fpecimens  of 
oyfter-fhells,  that  would  exhibit  prifmatic  colours, 
I  laid  three  of  thofe  flrells  flat,  and  at  a  little  dif- 
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from  one  another,  upon’^a  tin  cafe  j  in  which  there 
was  fliut  up  a  red  hot  mafs  of  iron,  about  five  inches 
fquare,  and  two  inches  thick.  The  iron  was  thus 
enclofed  in  the  cafe,  to  prevent  the  light  from 
the  heated  iron  difturbing  my  eyes.  But  this 
precaution  proved  of  little  ufe,  becaufe  the  tin 
cafe  itfelf,  before  I  begun  the  experiment,  acquired 
a  red  heat  in  two  or  three  different  places  which 
were  nearefl  to  the  iron.  In  a  very  fhort  time, 
after  the  fhells  were  laid  upon  the  tin,  a  feeble 
whitifh  light  appeared  at  the  edges  of  the  fhells  ; 
this  afterwards  fpread  upon  their  upper  furfaces ; 
and  it  increafed  ir>  brightnefs,  for  a  little  time,  in' 
almoft  every  part,  but  particularly  at  the  edges. 
The  whole  time  taken  up  by  this  increafe,  was  not 
lefs  than  half  a  minute.  Soon  after,  the  brightnefs 
began  to  decreafe,  and  continued  to  do  fo,  till  it 
entirely  vaniflied.  But  this  decreafe  of  the  light 
was  three,  or  four,  times  longer  than  the  increafe. 
The  greatefi;  fplendor  did  not  exceed  that  excited 
by  the  external  light,  upon  the  fame  fhells,  in  a 
cloudy  day.  In  this  experiment  I  perceived  fome 
of  the  prifmatic  colours,  but  they  appeared  more 
obfcure,  and  confiderably  fainter,  than  thofe  which 
the  open  day  excited  upon  the  f^me  fhells,  parti¬ 
cularly  the  red. 

6.  When  thefe  fhells  were  become  quite  cold, 
I  laid  them,  as  before,  (but  without  having  expofed 
them  again  to  the  fun)  upon  the  fame  heated  tin : 
and  though  I  waited  feveral  minutes,  there  was 
only  fo  fmall  an  appearance  of  a  whitifh  light  from 
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the  fhells,  that  it  was  with  fome  difficulty  I  could 
perceive  it. 

7.  One  of  the  fame  ffiells,  which  had  been  placed 
upon  the  heated  tin  for  a  few  minutes,  and  whilft 
it  remained  hot,  I  expofed  to  the  open  day  as 
ufual ;  upon  bringing  it  fuddenly  into  the  dark, 
the  prifmatic  colours  appeared  to  great  advantage ; 
they  being  fomething  livelier,  and  more  intenfe 
than  thofe  produced  in  the  experiment  with  paper, 
mentioned  in  page  53. 

8.  I  laid  the  fame  fliell  upon  the  heated  tin 
again,  and  when  it  had  continued  there  the  proper 
time,  it  was  then  taken  off  to  cool.  This  fhell, 
in  its  cold  date,  was  expofed  to  the  light  as  before, 
and  after  bringing  it  into  the  dark,  I  obferved  the 
fame  prifmatic  colours  :  they  appeared  intenfe  and 
lively  alfo,  but  not  quite  fo  brilliant  as  when  the 
Ihell  was  hot.  The  fixth,  feventh,  and  this  ex¬ 
periment,  were  repeated  many  times  with  the  fame 
diell,  and  others  of  the  like  kind,  with  the  fame 
fuccefs  refpedtively.  Phofphoric  fhells  therefore, 
after  they  have  been  heated  properly,  or  while  they 
continue  hot,  are  not  rendered  unfit  to  receive 
light,  as  Dr.  Prieflly  feems  to  apprehend 


*  “  I  would  beg  leave  to  obferve,  that  the  fame  ftate  of  heat,  which 
dlfpofes  the  phofphorus  to  throw  off  the  light  after  it  has  been 
“  imbibed,  muft  likewife  render  it  indifpofed to  receioje  if,  fo  that  in 
thofe  circumflances  it  nvill  in  reality  imbibe  lefs  light,  as  I  doubt 
“  not  would  be  found  to  be  the  cafe,  if  the  head  of  the  obferver  was 
cloaked  up,  and  the  phofphorus  prefented  to  him  immediately 
after  being  expofed  to  the  light.” 

Priestly  on  Vision,  &c.  p.  337. 

9.  The 
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9.  The  fame  fhells,  but  in  a  cold  flate,  were 
expofed  again  to  the  open  day ;  and  whilfl  they  con¬ 
tinued  fhining,  I  placed  them  upon  the  hot  tin 
as  before,  and  with  that  fide  upwards,  on  which 
the  colours  appeared  moll  vivid.  This  took  up 
fo  much  time,  that  the  colours  became  fomewhat 
fainter.  However,  the  heat  the  fhells  were  now 
expofed  to,  revived  the  colours  conliderabl'y ; 
efpecially  the  red,  yellow,  and  blue.  And  when 
the  colours  difappeared,  a  whitifli  light  occupied 
their  places,  which  lafled  about  one  minute  before 
it  entirely  vanilhed. 

10.  I  then  applied  the  edge  of  a  fhell  (which 
was  rather  fmooth  than  otherwife)  to  the  heated 
tin.  In  a  few  feconds,  a  pale  whitilh  light  ap¬ 
peared  at  the  edge  next  to  the  tin ;  which  fpread 
by  degrees,  to  the  top  of  the  Ihell.  This  light 
increafed  in  brightnefs  at  the  bottom,  and  extended 
itfelf  upwards  one  inch  or  more  :  beyond  that  dif- 
tance,  the  light  decreafed  gradually ;  and  in  a  little 
time  totally  difappeared.  During  the  decreafe  of 
this  light,  and  fome  time  before  it  became  very 
weak,  a  darknefs  took  place,  next  the  edge,  in 
contadt  with  the  tin  ;  which  fpread  upwards  upon 
the  light,  more  than  half  an  inch.  In  a  little  time 
after  this,  the  whole  phofphoric  light  difappeared 
by  degrees.  I  continued  this  fhell  in  the  fame 
polition,  but  upon  a  heated  iron,  for  fome  mi¬ 
nutes  longer ;  when  there  appeared  a  new  light, 
clofe  to  the  fame  edge  that  had  been  next  the 
tin,  and  was  now  next  the  iron ;  but  this  fecond 
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light  was  very  weak,  and  did  not  fpread  farther 
than  the  twentieth  part  of  an  inch. 

1 1 .  Thefe  experiments  were  repeated  with  other 
fhells,  of  different  thickneffes,  in  order  to  obferve 
the  appearances  on  both  fides  of  them.  Upon 
trying  thofe,  I  found,  that  one  of  their  fides  feemed 
generally  brighter  than  the  other  :  but  the  whitifh 
light,  and  the  feeble  colours  that  appeared,  (for 
they  were  barely  diftinguilliable)  did  not  fpread 
over  both  furfaces  entirely,  at  lead;  over  fome  of 
them  ;  there  being  many  places  on  one  fide  that 
did  not  give  any  light,  and  which  1  fuppofe  arole 
chiefly,  from  a  different  texture  of  their  parts. 

During  the  making  of  thefe  experiments,  the 
edge  of  the  fliell  itfelf,  which  was  in  contacft  with 
the  tin,  was  frequently  examined.  This  edge 
appeared  luminous,  before  any  other  part  of  the 
fhell ;  and  afterwards  dark,  before  the  half  inch 
of  the  fliell  became  dark,  as  defcribed  above. 

Upon  the  whole  of  thefe  experiments  refpeding 
heat,  it  appears,  that  phofphoric  light,  whether 
it  confids  of  prifmatic  colours  or  otherwife,  is 
not  generated  by  heat ;  but  only  excited,  and  that 
occafionally,  by  the  acflion  of  it.  The  power, 
therefore,  which  generates  phofphoric  appear¬ 
ances,  muft  depend  upon  fome  other  principle. 

BY  Sir  Ifaac  Newton’s  experiments  upon  light, 
it  fhould  appear,  that  each  of  the  different  co¬ 
loured  rays,  after  refradion,  is  from  it’s  nature, 

incapable 
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incapable  of  any  the  leafl  change  by  further  re- 
fradtions :  fo  that  the  red,  or  yellow,  or  green,  or 
blue,  or  violet  rays,  continue  always  the  fame 
entire  colour  as  at  firft. 

B  Y  Profelfor  Beccaria’s  experiment,  phofphori, 
in  general,  emit  the  fame  light  they  receive. 

According  to  that  idea,  the  phofphori  that, 
by  means  of  the  open  day,  exhibit  a  white  light, 
ought,  when  expofed  to  any  refradled  ray,  to  ex¬ 
hibit  the  colour  of  that  ray :  but  it  is  found 
from  experiment  that  fuch  phofphori  expofed  to 
any  refradled  ray,  do  ftill  exhibit  the  fame  kind 
of  white  light  j  without  any-  other  variation  in 
it’s  appearance  than  that  of  being  more  or  lefs 
faint,  according  to  the  colour  of  the  ray  to  which 
the  phofphori  are  expofed. 

So  phofphori,  that  exhibit  prifmatic  colours, 
(by  the  effedl  of  mixed  light)  ought  (according  to 
the  fame  idea,  when  expofed  to  any  refradled  ray) 
to  exhibit  only  the  colour  of  that  ray.  But  it 
is  here  likewife  found  from  experiment  -f*,  that 
fuch  phofphori  expofed  to  any  refradted  ray,  do, 
neverthelefs,  exhibit  colours ;  (that  is,  the  fame  prif¬ 
matic  colours  they  did  at  firft  in  mixed  light) 
and  thole  colours  are  more  or  lefs  faint,  ac¬ 
cording  to  the  colour  of  the  ray  they  are  ex¬ 
pofed  to  :  for  inftancc,  the  red-making  parts 
exhibit  a  red  light  many  degrees  brighter,  afte^ 


*  See  Experiment  with  the  prifm,  N°.  5.  p,  84. 

•f-  Sixth  and  feventh  experiments,  p.  107,  108,  &c. 
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having  been  expofed  to  violet,  blue,  or  green  refrad- 
ed  rays,  than  after  they  have  been  expofed  to  red 
refrafted  rays.  The  phofphoric  colours,  therefore,  do 
not  appear  to  depend  upon  mixed  light,  but  upon  the 
matter  itfelf  of  which  light  conlifcs,  (whatever  origi¬ 
nal  properties  the  different  rays  may  have,)  combined 
with  the  inflammable  principle.  For,  without  the 
matter  of  light,  or  without  the  inflammable  prin¬ 
ciple,  circumflianced  as  it  is  thofe  phofphoric 
appearances  do  not  take  place.  And  the  expe¬ 
riments,  where  heat  was  employed,  feemed  to 
elucidate  this  doctrine  :  becaufe  in  one  inftance, 
a  white  light,  not  very  bright,  and  a  weak  appear¬ 
ance  of  colours,  was  exhibited  § :  and  in  another, 
fcarce  any  light,  and  no  appearance  of  colours  -f*. 
From  which  it  appears,  that  the  heat,  (in  the 
iirfl  inftance,)  by  it’s  action  upon  the  combined 
phofphoric  matter  in  the  fhells,  made  them  lu¬ 
minous  while  the  application  of  the  heat  was 
continued  :  or,  however,  during  fuch  time,  as  the 
latent  matter  in  that  combination,  or  part  of  it 
at  leaft,  was  expending  itfelf :  and  when  it  was 
expended,  or  very  nearly  fo,  as  in  the  fecond 
inftance  where  the  fame  degree  of  heat  was  conti¬ 
nued,  the  fhells  of  courfe  could  no  longer  exhibit 
phofphoric  appearances,  without  receiving  a  fur¬ 
ther  fupply  of  light.  And  though  the  time,  em¬ 
ployed  to  acquire  that  fupply,  v/as  not  more  than 
two  feconds,  the  prifmatic  colours  appeared  afrefli, 

*  Page  6^. 

§  Fifth  experiment,  p.  £4. 

4-  Sixth  experiment,  p.  85. 


and 


C  91  ] 

and  full  as  lively,  as  if  no  fuch  heat  had  ever 
been  applied :  nay,  thefe  colours  are  renewable 
again  and  again  j  for  the  experiment  may  be  re¬ 
peated  a  whole  day  together,  fo  far  as  I  have 
obfervedj  whether  the  light,  to  which  they  ai*e 
expofed,  conlifts  of  mixed  rays ;  or  only  of  the 
red,  or  yellow,  or  green,  or  blue,  or  violet  re¬ 
fracted  rays.  This  being  the  faCt,  as  I  have 
lince  found  from  repeated  experiments,  the  nature 
of  phofphoric  light  Ihould  feem,  by  the  doCtrine 
above,  to  be  better  underltood. 

It  appears  fomewhat  difficult  to  account  for  the 
povver  by  which  this,  and  other  phofphoric  lights 
are  emitted,  without  having  recouiTe  to  an  ex- 
ceeding  fubtile  and  elajiic  jluid,  or  aether,  in  which 
vibrations  are  fuppofed  to  be  excited  by  the  aCtion 
of  light,  or  heat,  or  other  violent  motions  :  for 
the  effect  of  fuch  vibrations  muff  be  an  agitation 
of  the  phofphoric  parts ;  and  when  they  are  fuffi- 
ciently  agitated,  I  fee  no  reafon  why  thefe  phof¬ 
phoric.  parts,  during  their  luminous  appearances, 
may  not  be  confidered  as  aBiially,  though  infenjibly,  > 
in  a  burning  ffate,  and  confequently  emit  light, 
and  fliine,  according  to  the  feveral  circumftances 
which  accompany  them.  ' 

Whether  air  is  effential  to  thefe  luminous  ap¬ 
pearances,  I  have  had  no  opportunity  of  examining. 
The  difficulty,  hitherto  experienced,  of  procuring 
what  is  generally  underftood  to  be  a  good  vacuum, 
was  one  difcouragement  to  my  attempting  any 
enquiry  of  that  nature  :  but  there  was  another  rea- 
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fon,  which  I  had  found,  refpedting  the  different 
appearances,  by  different  approximations  to  a  w- 
cuum.  For,  from  fome  experiments  I  made  many 
years  ago,  in  company  with  Mr.  Smeaton,  and  with 
his  excellent  air  pump,  which,  when  it  was  in  very 
good  order,  rarefied  the  air  above  two  thoufand 
times,  we  obferved,  in  general,  that  very  fmall  dif¬ 
ferences  of  air  occafioned  very  material  differences 
in  the  luminous  effedis  produced  by  the  eledric 
fluid ;  infomuch,  that  when  all  the  air  was  taken 
out  of  the  receiver,  which  this  pump,  at  that 
time,  was  capable  of  extrading,  no  eledric  light 
was  perceptible  in  the  dark  :  upon  letting  in  a 
little  air  by  a  ffop-coek,  a  faint  eledric  light  was 
vifible,  and  the  letting  in  of  more  air  increafed  the 
light  confiderably.  But  this  light  began  to  de- 
creafe  on  the  letting  in  of  more  air,  till,  at  laft,  on 
letting  in  greater  quantities,  it  entirely  vaniflied. 
By  this  experiment  it  appeared,  that  a  certain  li¬ 
mited  quantity  of  air  was  neceffary  to  occafion  the 
greatefl:  luminous  effeds. 

.  This  curious  fad  induced  me  to  fufped,  that 
the  vacuum  in  the  Torricellian  tube,  as  it  is  gene¬ 
rally  made,  is  not  a  perfed  one  ^  becaufe,  when  the 
tube  is  properly  eledrified,  a  flmilar  light,  to  the 
brighteft  deferibed  above,  is  vifible  in  the  dark 
through  the  whole  length  of  the  'vacuum. 

Thefe  obfervations  are  made  only  to  fliew,  how 
eautious  we  ought  to  be  in  drawing  general  conclu- 
flons,  from  experiments,  that  are  liable  to  many 
exceptions^ 
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The  mentioning  of  electric  effects,  gives  me  an 
opportunity  of  introducing  an  obfsrvation  I  made 
many  years  ago  concerning  that  fluid.  '  And  it  is 
the  more  proper  to  take  notice  of  it  in  this  place, 
as  it  relates  to  the  inflammable  principle.  The 
obfervation  is  this  :  upon  making  a  variety  of 
experiments  relative  to  the  eledlric  fluid,  I  found, 
that  the  lu77imous  appearances  feemed  to  depend 
upon  a  fulphureous  or  inflammable  principle,  that 
is  driven  off  from  bodies,  by  the  violent  adion 
of  that  eledlric  and  elaftic  fluid ;  and  fo,  by  mix¬ 
ing  with  the  acid  particles  in  the  air,  I  apprehend, 
is  kindled  into  flame. 

From  obferving  how  effential  the  inflammable 
principle  is,  in  occafioning  phofphoric  appearances, 
I  was  naturally  led  to  make  fome-  experiments 
with  the  electric  fluid  upon  the  fhells  ;  in  order 
to  try  whether  the  fhells  might  not  be  properly 
phlogifliicated  by  that  method  only,  for  the  pur- 
pofe  of  exhibiting  prifmatic  colours  :  and,  though 
I  found  fome  encouragement  to  apprehend,  that 
the  matter,  which  occaflons  thofe  luminous  effeds 
in  eledricity,  depends  upon  this  inflammable  prin¬ 
ciple,  yet  I  forbear  giving  any  account  of  thofe 
experiments,  till  fome  othersi  have  been  tried,  ' 
which,  from  their  nature,  may  prove  more  con- 
clufive  than  thofe  I  have  already  made. 
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ADDITIONS. 


SINCE  the  firfl  edition  of  the  preceding  expe¬ 
riments  was  publifhed,  I  have  been  informed, 
that  M.  Bourriot,  one  of  the  canons  of  Bazas  in 
France,  had  likewife  failed  in  attempting  to  make 
M.  Beccaria’s  experiment  with  the  coloured  glaffes, 
and  the  fulphuiec-calcareous  phofphorus  :  and  that, 
in  confequence  of  being  difappointed  therein,  he 
entertained  fome  doubts,  whether  all  the  circum- 
jftances  accompanying  that  experiment,  had  been 
fully  flated  in  M.  Beccaria’s  letter  to  the  Royal. 
Society.  He  therefore  delired  M.  Magellan,  F.R.  S. 
%  a  gentleman  well  known  in  the  literary  world, 
and  a  correfpondent  of  M.  Beccaria’s  and  M. 
Bourriot’s,  to  procure  from  Turin,  an  account  of 
every  particular  relative  to  that  experiment. 

The  anfwer  from  M.  Beccaria,  which  M.  Ma¬ 
gellan  received,  is  dated  in  September,  1772  :  and 
as  it  contains  fome  circumftances  that  were  not 
communicatea  before,  which  feem  to  be  coniidered 
by  him,  as  material  and  necedary  to  be  obferved 
in  the  trying  of  that  experiment,  I  fliall  give  an 
jcxad;  copy  of  that  part  of  the  letter  which  relates 
.2  to 
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to  the  fubjed: ;  and  then  defcribe  the  experiment 
as  I  mylelf  repeated,  and  varied  it,  with  all  thofe 
additional  circuinftances. 

To  obviate  any  objedion  that  might  be  made 
to  the  apparatus  employed  on  this  occalion,  I 
requefled  the  favour  of  M.  Magellan,  as  being 
entirely  difinterefled,  to  provide  fuch  a  one,  as 
would  fully  anfwer  the  defcription  in  M.  Beccaria’s 
letter;  and  would;  at  the  fame  time,  fatisfy  him- 
felf.  Accordingly,  he  gave  diredions  to  his  own 
workmen ;  and,  in  a  fhort  time,  procured  all  the 
particulars  requifite  to  that^  experiment,  excepting 
the  phofphorus,  which  I  provided  myfelf.  It  was 
very  fine  of  the  kind,  and  exhibited  a  white 
light  only,  after  having  been  expofed  to  the  open 
day.  In  £bme  of  the  experiments,  another  phof¬ 
phorus  was  made  ufe  of,  which  was  alfo  fine  ;  but 
this  exhibited  a  whitifii  light,  inclining  a  little  to 
the  yellow. 

The  part  of  M#  Beccaria’s  letter  which  relates 
to  this  fubjed,  is  folely  confined  to-  his  method 
of  making  the  experiment,  and  is  as  follows. 

“  Metto  nelle  fcattolette  de  ottone  fosforo  elettif- 
fimo  ;  nella  fianza  buia  metto  tali  fcattollette 
in  centro  ad  anelli  di  ferro  molto  mafficci, 
“  e  quafi  roventi ;  e  cofi  fpoglio  il  fosforo  di  ogni 
“  luce  :  copro  le  fcattolette  con  coperchi  di  ottone 
“  al  buio  ;  e  cofi  coperte,  una  perfona  le  reca  al 
“  foie,  dove  il  fosforo  bee  la  luce  attraverfo  nl 
vetro  colorato,  per  alcuni  fecondi.  Apro  al  buio 
le  fcattolette,  che  mi  fi  recano  cofi  chiufe  :  e 

“  allora 
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**  allora  vedo  il  fosforo  a  renders  una  luci  tanta  di 
quel  colore,  che  ha  “il  vetro  incaftrato  nel  co- 
perchio.  Percioche  la  luce,  che  paffa  per  tali  veta 
e  pure  compofta ;  epero  la  luce  che  rende  il 
“  fosforo  e  folamente  tinta  di  quel  colore,  che 
palTa  pill  copiofo  per  i  criftalli.  La  difFerenza, 
“  fe  bene  mi  fovengo,  e  piu  difcernevoli  ufindo 

“  un  coperchio  di  colore  roifo  intenfo,  ed  una  di 
^  **  colore  giallo. 

G  T-T^  T  “Hofperimen- 

F  _ ^  tato  lo  Ideffo 


E 


M 


•A' 
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“  H  I  K  coperchio  di  ottona. 
“  incaftrato  nel  coperchio. 


“  con  diamanti 
E. “  fosforici.  AB 
‘‘CD  fosforo. 
“  AMBL  fcat- 
toletta  di  ot- 
“  tona.  G  F  E, 
G  H  vetro  colorito 


“  Giambatista  Beccaria,  d.S.P. 

**  Mondori,  i  Septembre,  1772.” 


“  Into  fmall  boxes  of  brafs  I  put  the  choicefl 
“  feledted  phofphorus.  Thefe  boxes  I  afterwards 
“  put  into  thick  rings  of  iron  that  are  made 
red  hot  in  a  dark  room,  by  which  means  the 
“  phofphorus  is  difcharged  of  the  whole  light  it 
“  had  received  before.  The  boxes  are  there  co- 
9  “  vered 
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vered  each  with  a. cap  of  metal  :  and  a  fecond 
**  perfon  carries  them  to  the  funfliine,  where  the 
‘‘  phofphorus  abforbs  it’s  beams,  during  fome 
“  leconds,  through  the  coloured  glafs.  I  uncover 
“  them  as  foon  as  they  are  brought  to  me  in  the 
“  dark  room.  And  then  I  perceive  that  the 
**  phofphorus  gives  a  light  tinged  with  the  colour 
‘‘  of  the  glafs  which  formed  the  cover  of  the 
**  box.  And  though  the  light  tranfmitted  through 
“  the  glalfes  is  mixed  with  other  colours,  that 
“  light  however,  given  by  the  phofphorus,  is  only 
“  tinged  with  the  colour  which  pafles  more  copi- 
**  oufly  through  the  refped:ive  glafs.  The  dilfer- 
ence,  if  I  recoiled:  well,  is  more  diftincdly  per- 
“  ceived  when  an  high  red  glafs  covers  the  top  of 
“  the  box ;  and  likewife  when  a  yellow  glafs  is 
“  employed.  I  have  found  the  fame  refult  in 
**  making  ,fuch  experiments  with  phofphoric 
“  diamonds.  A  B  C  D,  reprefents  the  phofpho- 
“  rus,  A  M  B  L,  the  box  of  brafs.  .G  F  E,  H  I  K, 
the  cap  (or  rather  the  rim)  of  brafs.  And  G  H, 
“  the  coloured  glafs  which  forms  the  cover  of 
“  the  box.” 


E  X  P  E  R  I  M  E  n't  I. 

HAVING  prepared  fome  pieces  of  phofphorus, 
according  to  M.  Beccaria’s  method,  by  expofing 
them  to  the  heat  of  a  red  hot  iron  in  the  dark ;  I 
put  one  of  thofe  pieces,  after  it  was  cold,  into  a 

N  fmall 
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Imall  japaned  box,  which  was  black  on  the  infide. 
Over  this  box  I  put  tbe  cover ;  in  the  middle  of 
which  was  fixed  a  round  piece  of  red  glafs,  (above 
one  inch  in  diameter)  that  tbe  light  of  the  fun 
might  be  immediately  tranfmitted  to  the  phof- 
phorus.  The  phofphorus,  thus  circumftanced,  was, 
according  to  my  ufual  way,  firlf  of  all  expofed, 
for  fome  feconds,  to  the  folar  ravs  :  and  then 
fuddenly  removed  into  the  dark.  On  taking  the 
cover  off,  the  phofphorus  exhibited  a  white  light ; 
but  this  light  was  fainter  than  that  which  the 
open  day  had  excited  in  the  fame  phofphorus, 
without  the  glafs:  and  notwithfianding  this  expe¬ 
riment  was  repeated  many  times,  the  effedt  was 
confiiantly  the  fame,  without  the  leaft  appearance 
of  red.  Nor  did  the  making  ufe  of  different- 
coloured  glaffes  caufe  any  difference  in  the  effedt : 
for  the  phofphoric  light  appeared  equally  white,  or 
very  nearly  fo,  in  each  experiment. 

Experiment  II. 

INTO  the  fame  japaned  box  I  put  another 
piece  of  the  prepared  phofphorus,  in  the  ' place  of 
the  other ;  and  then  enclofed  the  box  with  the  co¬ 
ver,  which  had  the  red  glafs  fixed  in  it,  as  before. 
This  box,  fo  covered,  1  put  into  another  japaned 
box,  and  fhut  it  down  clofe  with  the  cover  be¬ 
longing  to  it.  In  this  fituation  the  boxes  were 
carried  out  of  the  clofet,  by  an  afiiflant,  into  the 
lo  light 


[  99  3 

light  of  the  fun,  (while  it  continued  fhining)  and. 
then  the  cover  of  the  large  box  was  taken  off.  After 
a  few  feconds,  and  while  the  lelTer  box  remained  in 
the  fame  fituation,  the  fun’s  rays  were  fuddenly  exs¬ 
cinded  by  the  lid  of  the  large  box.  In  that  date 
both  boxes  were  brought  quickly  into  the  dark 
clofet ;  where  I  had  continued  the  whole  time,  to 
avoid  having  my  eyes  didurbed  by  the  external 
light.  Upon  uncovering  them  immediately,  the 
-  phofphorus  exhibited  the  fame  kind  of  white  light, 
as  was  obferved  in  the  fird  experiment,  without  the 
lead  appearance  of  red  in  any  part  of  it. 

Experiment  III. 

INSTEAD  of  the  japaned  boxes  employed 
in  the  fird  and  fecond  experiments,  I  made  ufc  of 
the  brafs  boxes  that  were  procured  by  M.  Ma¬ 
gellan.  In  this  experiment,  however,  the  phof¬ 
phorus  was  not  prepared,  as  had  been  done  in  the 
two  former  trials,  by  laying  it  upon  the  hot  iron, 

'  but  was  put  unprepared,  and  in  a  powdered  date, 
into  one  of  the  brafs  boxes.  This  brafs  box,  after 
being  filled  with  the  phofphorus,  was  laid  upon  a 
'  large  mafs  of  red  hot  iron  in  the  dark,  and  con-^ 
tinned  there  till  -all  appearances  of  light  ceafed.,  I 
then  covered  the  box  with  the  red  glafs,  and  ex- 
pofed  the  phofphorus  contained  therein,  to  the 
folar  rays,  by.  putting  it  out,  with  my  hand, 
through  the  hole  in  the  clofet.  But  I  could 

N  2  not 
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Experiment  IV. 

IN  the  dark  clofet,  at  a  round  hole,  about  one 
quarter  of  an  inch  in  diameter,  made  in  a  thin 
plate  of  brafs,  I  placed  the  fame  red  glafs  which  w^s 
made  ufe  of  before,  and  fecured  it  in  it’s  place 
with  a  rim  of  putty  I  preferred  putty  for  this 
purpofe,  becaufe,  with  a  very  little  management, 
it  prevented  the  entrance  of  any  foreign  light  at 
the  edge  of  the  glafs ;  which,  otherwife,  might  have 
difturbed  the  experiment.  Immediately  after  the 
coloured  glafs  I  placed  a  prifm,  but  in  fuch  a  po- 
htion,  that  a  beam  of  the  fun’s  light,  which  came 
in  at  that  hole  and  through  the  coloured  glafs, 
was  refradled  by  it  towards  the  oppolite  fide  of  the 
clofet.  The  refracted  image  I  received  upon  a 
fheet  of  white  paper  at  difierent  diftances  from  the 
prifm :  and  obferved  all  the  colours  painted  upon 
the  paper  in  their  regular  order  ;  and  thefe  coloul'S 
were,  in  general,  nearly  as  full,  intenfe,  and  lively, 
as  thofe,  which  are  ufually  painted  with  a  prifm  by 
a  beam  of  the  fun’s  light,  after  it  hath  paft  through 
a  clear  piece  of  uncoloured  glafs,  placed  in  a  fimilar 
fituation  with  the  red  glafs  in  this  experiment.  Ex¬ 
cept  that  the  red  rays  appeared  a  little  more  full, 
intenfe,  and  lively  than  the  yellow ;  the  yellow,  a 
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little  more  than  the  green  j  and  the  green,  a  little 
more  than  the  blue,  or  violet  refracSted  rays. 

On  repeating  the  experiment 

With  yellow  glafs,  in  the  place  of  the  red  ;  the 
yellow  refracted  rays  appeared  a  little  more  full, 
intenfe,  and  lively  than  the  red  ;  the  red,  a  little 
more  than  the  green ;  and  the  green  a  little  more 
than  the  blue,  or  violet  refracted  rays. 

With  green  glafs  ;  the  green  refradted  rays  ap¬ 
peared  a  little  more  full,  intenfe,  and  lively  than 
the  yellow ;  the  yellow  more  than  the  blue ;  and 
the  blue  more  than  the  violet,  or  red  refracted 
rays. 

With  blue  glafs  ^  the  blue  refradted  rays  ap¬ 
peared  a  little  more  full,  intenfe,  and  lively  than 
the  green  3  the  green  more  than  the  violet ;  and 
the  violet  more  than  the  red,  or  yellow  refradted 
rays. 

1  did  not  make  any  experiment  upon  violet  glafs, 
as  I  could  not  procure  any  that  was  good  enough 
for  the  purpofe. 

The  degrees  of  dilferent-coloured  light  tranf- 
mitted  by  each  of  the  different-coloured  glaffes 
mentioned  in  thofe  experiments,  are  particularized, 
merely  to  give  fome  idea  of  the  fijlnefs,  intenfenefs, 
and  livelinefs,  of  the  feveral  refradted  rays  as  they 
appeared  to  my  eye  upon  comparing  them  to¬ 
gether.  Although,  from  more  accurate  obferva- 
tions,  thofe  differences  may  poffibly  turn  out  to  be 
a  little  more  in  fome  of  the  colours,  or  a  little  lefs 
in  others,  than  are  here  let  down.  Had  the  afcer- 

taininS 
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taining  of  fuch  differences  been  abfolutely  material 
in  the  prefent  cafe,  they  would  perhaps  have  been 
more  diligently  attended  to.  My  defign  in  making 
thefe  experiments  was  folely  to  fliew,  that  each 
of  the  different-coloured  glaffes,  tranfmitted  (not 
only  the  refpedlive  colours  belonging  to  them,  but 
likewife)  all  the  other  colours  j  and  thofe  in  a  far 
greater  proportion  than  hath  been  generally  appre¬ 
hended. 

» 

UPON  finding  that  thefe  glaffes  were  incapable 
of  tranfmitting  the  refpedlive  rays  of  their  own 
colour,  without  being  mixed  in  a  very  great  degree 
with  the  other  different-coloured  rays,  I  laid  them- 
afide,  in  favour  of  another  method;  which,  from  it’s 
limplicity,  feemed  more  likely  to  determine  the 
queftion  whether  phofphori,  in  general,  do  adlually 
emit  the  very  fame  light  they  receive. 

In  an  experiment  of  fo  much  confequence,  as 
this  appears  to  be,  it  feemed  proper  to  have  it  tried 
in  a  manner  which  would  be  liable  to  the  fewefl: 
objections.  For  this  purpofe,  therefore,  I  had 
recourfe  to  a  beam  of  the  fun’s  light,  feparated  by 
a  prifm  in  the  dark  clofet ;  by  which  means  it 
was  eafy  to  let  fall,  upon  the  phofphorus,  more 
intenfe,  and  lefs-compounded  colours  than  the 
different-coloured  glaffes  were  capable  of  tranf¬ 
mitting.  And  notwithftanding  the  clofet,  on 
account  of  it’s  fmallnefs,  would  not  admit  a  lens, 
and  prifm,  to  be  placed  at  the  diftances  recommend¬ 
ed  by  Sir  Ifaac  Newton,  as  the  moft  advantageous 
for  intercepting  the  foreign  light  which  difturbs 
the  colours,  by  rendering  them  more  compound 
7  -  and 
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and  impure  ;  yet,  the  diftance  which  the  clofet 
allowed  of,  with  the  prifm  only,  anfwered  the  end 
far  better  than  the  other  method  of  M.  Beccaria’s ; 
becaufe  each  colour  of  the  refradled  light,  circum- 
ftanced  as  it  was,  approached  confiderably  nearer 
to  purity,  than  that  light  did  which  was  tranfmitted 
through  the  coloured  glalTes,  in  the  preceding  ex- 
•riments. 

Before  I  enter  upon  the  experiment  propofed,  it 
may  be  proper  to  obferve,  that  fuch  phofphori 
only  were  employed,  as  were  very  brilliant  of  their 
kind,  and  had  (according  to  M.  Beccaria’s  method) 
been  previoufly  expofed  to  a  red  hot  iron  in  the 
dark  for  a  few  minutes ;  or,  however,  till  fuch 
time  as  they  had  ceafed  to  exhibit  phofphoric  ap¬ 
pearances.  Thefe  phofphori  fo  treated  (and  which 
for  the  future  I  fhall  call  the  prepared  phofphori) 
were  not  expofed  afterwards  to  any  other  light 
than  what  was  neceffary  to  the  experiment. 

It  is  to  be-obferved  further,  that  as  it  was  found 
material,  in  trying  the  following  experiments,  to 
intercept  the  beam  of  the  fun’s  light  fuddenly  as  it 
entered  the  clofet,  a  curtain  (made  of  black  cloth, 
and  loaded  at  the  bottom  with  a  little  lead)  was 
fixed  over  the  hole  where  the  light  entered ;  which, 
with  the  affiflance  of  a  cord  and  pulley,  might 
be  drawn  up  or  let  down  readily,  juft  as  the  cir- 
cumftances  of  the  experiment  required.  And,  that 
I  might  be  the  better  prepared  to  make  obfervations 
in  the  dark,  my  eyes  were  previoufly  fliut  for  a 
confiderable  time :  for  which  reafon,  it  became 

O  .  neceffary 
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necefTary  to  have  part  of  the  experiment  con- 
el  ud:ed  by  an  affifliant. 


Experiment  V. 

A  T  the  fame  round  hole,  mentioned  in  the 
preceding  experiment,  I  placed  a  very  fine  prifrn^, 
whereby  a  beam  of  the  fun’s  light,  which  came 
into  the  clofet  at  that  hole,  was  refradled  on  the 
oppofite  fide  of  the  room.  Then,  upon  a  fheet  of 
white  paper,  I  received  the  coloured  image  at  dif¬ 
ferent  diftances  from  the  prifm  :  and  having 
marked  the  diftance  at  which  I  thought  the  image 
appeared  moft  diftindf,  the  beam  of  light  was  then 
intercepted  by  letting  down  the  curtain  ;  and  in 
the  place  which  I  had  marked,  the  prepared  phof- 
phorus  was  put,  but  in  fuch  a  fituation,  as  that 
the  rays  might  fall  perpendicularly  upon  it’s  fur- 
face.  Before  the  beam  of  light  was  fuffered  to 
enter  the  clofet  again,,  the  phofphorus  was  covered 
with  a  cap  made  of  black  cloth.  The  aflifiant 
then  drew  up  the  curtain  to  let  the  beam  enter, 
in  order  that  he  might  have  an  opportunity  to 
intercept,  at  a  convenient  diftance  from  the  prifm, 
all  the  rays  that  were  refradted  by  it,  except  the 
red.  When  this  was  done,  he  removed  the  cap 
which  covered  the  phofphorus,  that  the  red  light 
might  fall  diredlly  upon  it :  and  after  a  few  fe--  ' 

•  Made  by  Mr.  Adams,  in  Fleet-ilreet. 
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conds,  he  let  the  curtain  down  fuddenly.  At  that 
inflant,  nearly,  I  obferved  the  phofphorus  fhining : 
but  the  light  it  exhibited  was  not  red ;  nor  the 
leafl  inclining  to  it :  on  the  contrary,  it  appeared 
white,  though  faint ;  yet  it  was  fufficiently  dif- 
tin<fl,  and  continued  vifible  for  a  confiderable  time. 

This  experiment  was  repeated,  not  only  with 
the  yellow  rays,  but  alfo  with  the  green,  blue, 
and  violet  rays.  In  none  of  thofe  trials  was  there 
any  appearance  of  colour  exhibited  by  the  prepared 
phofphorus  ;  for  the  fame  kind  of  white  light  was 
vifible  in  every  experiment,  which  was  obferved 
before  with  the  red  :  except  that  this  white  liglit 
appeared  more  or  lefs  faint,  according  to  the  colour 
of  the  rays  to  which  it  was  expofed. 


Experiment  VI. 

I  NOW  fuffered  the  red,  yellow,  green,  and  . 
Jo77ie  of  the  blue  rays,  (for  the  phofphorus  was  not 
large  enough  to  take  them  all  in)  to  fall  feparately, 
and  at  the  fame  time,  upon  the  prepared  phof¬ 
phorus  ;  notwitb handing  which,  the  phofphorus 
hill  exhibited  the  fame  kind  ^  of  white  light  in 
every  part  :  though  the  light  was  here  alfo,  more 
or  lefs  faint,  where  the  different-coloured  rays  had 
fallen  upon  it. 
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Experiment  VII. 

NOR  could  I  find  that  any  of  the  prepared 
Ihells  (which  were  previoufly  difpofed  to  exhibit 
the  prifmatic  colours),  on  expofing  any  one,  or 
more  of  the  colour-making  parts,  in  thofe  fhclls, 
to  any  one  of  the  different  refradled  rays,  fuf- 
fered  the  lead:  alteration  in  the  refpedtive  colours 
which  thofe  parts  exhibited ;  excepting  that  thefe 
colours,  which  were  exhibited  by  the  different 
rcfra<5led  rays,  appeared  more  or  lefs  faint,  than 
w'hen  they  were  expofed  to  the  open  day. 

IN  purfuing  thefe  enquiries,  however,  I  remarked 
a  very  lingular  appearance,  namely,  that  the  fame 
parts  of  the  fhells  which  exhibited  an  intenfe  red 
colour,  equal  for  infiance,  to  twenty  degrees^  by 
the  effed:  of  mixed  light,  as  it  entered  the  clofet 
at  the  fame  round  hole,  did,  after  being  expofed  to 
the  red  refraded  rays  only,  exhibit  fo  faint  an  ap¬ 
pearance  of  that  colour,  as  not  to  exceed  one  or 
two  degrees :  and,  on  the  other  hand,  firange  as 
it  may  appear,  the  very  fame  red-making  parts  of 
the  fiiells,  after  being  expofed  to  the  violet  refrac¬ 
ted  rays  only,  exhibited  a  red  light  ten  or  twelve 
degrees  more  intenfe,  and  lively,  than  that  which 
vv'as  excited  by  the  red  refraded  rays.  The  fhape 
of  this  red  light  upon  the  phofphorus  was  round, 
correfponding  with  the  hole  in  the  intercepting 
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plane,  through  which  the  red  rays  only  were  fuf- 
fered  to  pafs. 

Obferving  fo  extraordinary  a  difference  here,  I 
proceeded  to  examine  the  effedls  which  the  other 
different-coloured  rays  would  have  upon  the  fame, 
and  fimilar  parts  of  other  fhells  ^  and  I  found  that, 
with  the  blue  rays,  the  red  phofphoric  light  was 
only  a  little  lefs  intenfe  and  lively  than  with  the 
violet  rays ;  and  that,  with  the  green  rays,  the  red 
light  exhibited,  was  ffill  fomewhat  lefs  intenfe  and 
lively  than  with  the  blue  rays,  and  confequently 
feveral  degrees  brighrer  than  with  the  red  rays. 

But  the  difference  did  not  take  place  fo  regu¬ 
larly  with  the  yellow  rays ;  for  the  effeil  of  thofe 
rays  upon  the  fame  parts  that  exhibited  the  red 
phofphoric  light,  was  feveral  degrees  lefs  intenfe 
and  lively  than  that  which  the  green  rays  produced. 
In  this  account,  the  orange,  and  purple  rays  are 
included  in  the  yellow,  and  violet  rays ;  as  I  found 
it  difficult  to  feparate  them  from  the  colours  which 
lay  next  to  them  :  that  is,  the  yellow  rays  were 
more  mixed  with  the  orange  rays  than  with  the 
green  rays ;  and  the  violet  rays  of  courfe  were  alike 
mixed  with  the  purpfe  rays. 

Thefe  experiments  were  repeated  over  and  oyer, 
and  always  with  the  fame  fuccei^s. 

The  red  light  of  the  phofphorus,  excited  by  the 
violet  rays,  being  fo  many  degrees  more  intenfe 
and  lively  than  that  excited  by  the  red  rays,  put  me 
upon  trying  what  effed:  the  red  rays  would  have 

upon 


[  “O  ] 

upon  the  red  phofphoric  light  itfelf,  immediately 
after  it  had  been  excited  by  violet  rays. 

Accordingly,  when  the  phofphorus  had  been  thus 
expofed  to  the  violet  rays,  for  a  few  feconds,  and 
I  had  juft  time  enough  to  obferve  in  the  dark, 
that  it  exhibited  a  lively  red  ;  I  expofed  this  phof¬ 
phoric  red,  to  the  red  refracted  rays,  for  two  or 
three  feconds  ;  in  confequence  of  which,  contrary 
to  what  might  have  been  expected,  the  red  light  of 
the  phofphorus  was  confiderably  weakened. 

Upon  repeating  this  experiment  feveral  times, 
not  only  with  the  red,  but  yellow  rays,  and  finding 
that  the  efFedts  in  both  cafes,  were  confiantly  the 
fame,  or  very  nearly  fo,  I  had  fome  foundation 
for  fuppofing  that  red  and  yellow  rays,  when 
mixed  with  green,  blue,  and  violet,  rays,  were  not 
of  any  great  advantage  in  exciting  many  phofphoric 
appearances. 

To  try  this,  I  intercepted,  by  a  plane,  the  red 
and  yellow  rays  at  the  fame  time ;  and  behind  the 
intercepting  plane,  but  near  the  hole  through  which 
the  green,  blue,  and  violet,  rays  were  fuffered  to 
pafs,  I  placed  a  lens  in  fuch  a  manner,  as  to  re¬ 
ceive  thofe  different  rays.  And  in,  or  near  the 
focus  of  this  lens,  where  the  rays  appeared  to  be 
moft  mixed,  I  placed  the  fame  red-making  phof¬ 
phorus  for  a  few  feconds,  and  then  clofed  the 
hole  at  which  the  fun’s  light  entered  the  clofet. 
The  phofphorus,  in  this  cafe,  exhibited  a  red  light 
feemingly  more  full,  intenfe,  and  lively,  than  that 
which  the  open  day  excited  in  the  fame  fpecimen. 

The 


[  III  ] 

The  colle£led  Itate  of  thofe  rays  .was  one  different 
circumftance  indeed,  that  might  have  contributed 
to  the  intenfenefs  of  the  red  colour,  more  than  the 
light  of  the  open  day. 

The  fpecimens  of  red-making  phofphoric  parts 
employed  in  thofe  lafi;  experiments,  had  this  con- 
fiderable  advantage,  that  they  exhibited  that  colour 
more  intenfe  and  lively  (after  being  expofed  to  the 
open  day)  than  the  other  colour-making  parts 
which  exhibited  yellow,  green,  or  blue  light.  But 
notwithflanding  thefe  lad:  were  inferior  in  point  of 
brightnefs,  yet  they  furnifbed  me  with  a  few  ge¬ 
neral  obfervations  that  may  ferve  as  hints,  at  lead, 
for  others  to  purfue,  who  poffefs  fuperior  abilities  : 
for  having  not  made  a  fuffcient  number  of  experi¬ 
ments  upon  thofe  colours,  I  am  not,  as  yet,  fufH- 
ciently  Satisfied  about  them. 

When  the  yellow-making  parts,  for  indance, 
had  been  expofed  in  one  experiment  to  the  red,  in 
another  to  the  yellow,  and  in  another  to  the  violet 
rays,  the  effedt  feemed  dronger  than  when  they 
were  expofed  to  the  green  or  blue  rays :  that  is, 
they  feemed  to  exhibit  in  the  three  cafes,  a  more 
intenfe  and  lively  yellow,  but  particularly  with 
the  red  rays.  < 

So  the  effecd  of  red  rays,  and  violet  rays,  but 
particularly  the  latter,  upon  the  green-making  parts, 
feemed  fomewhat  dronger  (that  is,  they  feemed  to 
exhibit  a  more  intenfe  and  lively  green)  than  even 
the  green  or  blue  rays  themfelves. 

In  like  manner,  the  effed;  of  the  red  rays  and 
6  ^ .  yellow 
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yellow  rays,  but  particularly  the  former,  upon  the 
blue-making  parts,  feemed  ftronger  (that  is,  they 
feemed  to  exhibit  a  more  intenfe  and  lively  blue) 
than  even  the  blue  or  violet  rays  themfelves. 

To  account  for  thefe  very  lingular  appearances, 
fo  contrary  to  the  generally  received  ideas  of  light, 
may  be  rather  difficult,  without  fuppoling  different 
original  properties  in  the  rays  of  light  hitherto  not 
attended  to. 

However,  upon  the  whole,  it  appears  from  thefe 
experiments,  that  the  folar  rays,  whether  they  are 
feparated,  or  compounded,  do  not  make  any  fen- 
lible  alteration  in  the  colour  of  the  light  which 
thofe  phofphori  are  found  to  emit  :  for  example, 
the  red-making  parts  of  thofe  phofphori  conftantly 
exhibit  a  red  light  only,  whatever  different-coloured 
rays  thofe  parts  are  expofed  to  ;  and  without  any 
other  difference  taking  place,  in  confequence  there¬ 
of,  than  that  of  their  being  rendered  more  or  lefs. 
faint,  according  to  the  nature  of  the  different  rays : 
and  fo  on,  of  the  other  colour-making  parts.  And 
though  the  feveral  refracSted  rays  in  thefe  experi¬ 
ments,  were  not  fo  fimple,  or  fo  advantageoully 
circumftanced  as  they  might  have  been  by  other 
methods,  yet,  according  to  M.  Beccaria’s  experi¬ 
ment,  even  in  this  their  difadvantageous  ffate, 
compared  with  the  coloured  glaffes,  they  ought 
at  leaff  to  have  made  fome  difference  in  the  colour 
of  the  light  exhibited  by  thofe  phofphori.  But, 
as  no  fuch  difference  has  hitherto  appeared,  and 
as  it  is  found,  that  the  effects  of  violet  and  blue 
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and  green  rays,  upon  the  fame  and  fimilar  colour- 
making  parts  of  phofphori,  excite  a  red  light  more 
intenfe  and  lively  than  the  effedt  of  yellow,  of  even 
red  rays,  upon  the  fame  parts ;  we  may  now,  I 
think,  with  fome  degree  of  certainty  conclude, 
‘‘  That  phofphori  do  not  emit  the  fame  light  which 
“  they  receive.”  And  fince  k  has  been  fully  proved, 
by  the  preceding  experiments,  that  the  ?natter  of 
lights  (indued,  probably,  with  certain  original  pro¬ 
perties,)  is  elTentially  neceflary  towards  rendering 
thofe  phofphori  luminous,  we  have,  I  apprehend, 
a  further  confirmation  of  what  has  been  before 
advanced,  in  page  gi,  refpedting  the  nature  of  the 
light  by  which  phofphoric  bodies  are  feen  to  fliine 
in  the  dark. 

TO  thefe  experiments,  feveral  others  might  be; 
added,  where  the  eledtric  fluid,  or  rather,  the 
light,  produced  by  it,  was  applied  to  phofphoric 
fhells,  in  the  dark,  with  great  fuccefs.  But  as  I 
wifla  to  avoid  being  thought  too  tedious,  I  fhall 
content  myfelf  with  relating  only  two'  of  thofe 
experiments  which  appear  to  be  the  mofl;  deferv- 
ing  of  attention  :  and  thofe  perhaps,  from  the 
hints  they  afford,  may  induce  others  to  purfue 
them  further  than  I  have  done  :  for  I  confider 
the  whole  of  my  experiments  as  merely  a  be¬ 
ginning  of  a  very  extenfive  and  interefiing  en¬ 
quiry. 

In  a  dark  room,  where  there  was  an  excellent 
electrifying  machine,  and  with  which  a  furface 
of  glafs,  about  one  foot  fquare,  was  propeily 
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charged,  I  placed  upon  a  fland  of  metal,  which 
was  rounded  at  the  top,  and  about  half  an  inch  in 
diameter,  one  of  the  prepared  Ihells  that  would 
exhibit  prifm'atic  colours  very  lively.  On  the 
upper  furface  of  this  fhell,  and  near  the  middle 
where  the  colour-making  parts  predominated,  I 
brought  the  end  of  a  metal  rod,  (which  was 
rounded  alfo,)  and  then  connected  the  two  metals, 
properly,  with  the  metal  covering  on  each  fide 
of  the  glafs,  for  the  purpofe  of  difeharging  the 
eledtric  fluid.  In  this  circuit  there  was  left,  de- 
fignedly,  an  interval  of  about  three  inches,  un¬ 
occupied  by  metal,  and  next  one  fide  of  the  glafs. 
Being  thus  circumftanced,  the  difeharge  was  made 
by  completing  the  circuit  with  metal  w'here  the 
interval  was  left.  The  fliell  at  that  inflant  was 
lighted  up  to  an  exceeding  great  advantage ;  fo 
that  all  the  colours  appeared  perfedlly  diflindl, 
and  in  their  refpedlive  places,  anfwering  to  their 
different  colour-making  parts. 

Thefe  colours  continued  vifible  feveral  minutes ; 
and  when  they  ceafed  to  appear,  a  white  purplifh 
light  occupied  their  places,  which  lalled  for  a 
confiderable  time.  And  notwithflanding  this  ex¬ 
periment  was  frequently  repeated  with  the  fame, 
and  other  fliells,  the  colours  continued  in  their 
refpedtive  places,  and  nearly  of  the  fame  degree  of 
brilliancy  :  excepting  that  in  or  near  thofc  parts, 
where  the  explofion  took  place,  a  few  fcales  were 
driven  off  by  the  natural  effedt  of  the  fluid  itfelf, 
whilfl;  under  thefe  circumflances. 
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By  repeating  this  experiment  with  fome  other 
(hells,  I  found  there  was  no  occalion  to  fcale  them 
before-hand,  becaufe,  after  a  few  trials,  the  dif- 
charge  of  the  fluid  feparated  the  unfavourable 
fcales  far  better  than  I  had  been  able  to  do  with 
the  point  of  a  penknife  :  and  the  colours,  ex¬ 
cited  on  the  new  furfaces,  frequently  appeared 
brighter  than  ever.  Befides,  by  this  other  method 
of  exciting  prifmatic  colours,  I  obtained  another 
advantage,  which  appears  to  me  not  inconfiderable. 
For  here,  the  colours  may  be  feen  at  the  inflant, 
after  the  explofion  hath  taken  place  :  and,  agree¬ 
ably  to  a  former  obfervation,  they  appear  much 
more  full,  intenfe,  and  lively,  than  in  three  or 
four  feconds  afterwards ;  or  even  after  they  have 
been  expofed  to  the  light  of  the  fun. 

That  thefe  colours  are  excited  merely  by  the 
produced  in  difcharging  the  glafs  of  it’s 
electric  fluid,  feems  evident  from  the  following 
experiment. 

I  placed  feveral  pieces  of  (hells  (which  would 
exhibit  colours,)  at  different  diflances  from  that 
part  of  the  circuit  where  the  exploflon  was  pro- 
pofed  to  be  made ;  and  in  fuch  a  manner,  that 
they  had  very  little  chance  of  i?iaking  part  of  the 
circuit.  The  leaft  diflance  was  not  more  than 
half  an  inch,  and  the  greatefl  diflance,  not  lefs 
than  fix  inches.  At  the  fame  time  I  held  in  my 
hand  a  prepared  (hell,  at  the  diflance  of  fix  or  feven 
inches  from  the  fame  part.  The  charged  glafs  had 
near  four  feet  furface,  properly  coated  on  each  fide. 
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When  the  difcharge  was  made  in  a  dark  room,  all 
the  fhells,  at  that  inftant,  exhibited  their  refpec- 
tive  colours  very  lively :  but  the  colours,  in  Ibme 
of  thofe  fhells,  were  far  more  lively  than  in  others^' : 
for  thofe  iliells  that  were  neared  to  the  light,  ex¬ 
ceeded  the  other  colours  confiderably  in  point  of 
brilliancy  and  duration.  In  fome  inftances,  thefe 
colours  continued  vifible  more  than  five  minutes  j 
which  is  a  longer  time  than  I  ever  found,  when 
fimilar  fhells  were  excited  by  the  folar  rays. 

From  the  refult  of  thefe  lad  experiments,  I  con- 
jedlured,  that  any  lights  provided  it  was  rather fudden 
and  Jufficiently  mtenfe,  would  excite  the  prifmatic 
colours  in  phofphoric  fhells  that  were  properly  pre¬ 
pared.  In  order  to  be  fatisfied  of  this,  I  made  ufe 
of  three  different  parcels  of  gun-powder  3  each  of 
which  was  mixed  with  different  materials,  fuch  as 
deel,  zink,  orpiment,  amber,  &c.  From  onfc  of 
thofe  parcels  I  then  took  half  an  ounce  or  more, 
and  placed  that  quantity  upon  a  table,  at  two  or 
three  inches  didance  from  feveral  prepared  fhells, 
that  were  difpofed  round  it,  and  vertically,  with 
their  flat  fides  towards  this  mixture,  preffing  it 
down  a  little  with  my  fingers.  In  this  fituation 
(the  room  being  dark)  the  mixture  was  exploded ; 


*  Many  years  ago,  Mr.  Lane,  who  has  obliged  the  world  w'ith 
feveral  curious  experiments  in  Eleftricity,  (hewed  me  one,  where, 
if  I  remember  well,  he  produced  a  hne  whitilh  phofphoric  light, 
upon  a  kind  of  limeftone,  and  other  phofphoric  fubllances,  by  the 
fame  method,  nearly,  as  I  have  above  defcribed. 

and 
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4ind  although  the  light  was  not  fo  great  as  might 
perhaps  be  contrived  by  other  methods,  yet  the 
Ihells  exhibited  the  prifmatic  colours:  but  then 
thofe  colours  were  not  near  fo  lively,  as  the  co¬ 
lours  excited  by  eledric  light. 

The  other  mixtures  were  afterwards  tried  in  the 
fame  manner,  with  the  fame  fhells,  and  very  nearly 
-with  the  fame  fuccefs. 
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bodies  that  give  light  in  the  dark, 
*C  1  are  feveral  kinds.  For  fome  bodies 

■  ^  throw  out  light  fpontaneoujlyt  and  others, 

upon  being  excited.  Of  the  former  kind,  fome 
fhine  with  a  natural  light ;  as  glow-worms,  dates, 
and  a  good  many  aquatics :  others  enjoy  an  ad- 
-oentiiious  light,  as  rotten  woods,  and  the  flefh  of 
fome  quadrupeds  and  birds.  Thefe  laft  are  not 
naturally  phofphori,  but  owe  that  property  to  fome 
particular  caufe  ;  which^  generally,  is  putreJ'aEiion, 
\  6 


and,  fometimes,  an  infenfible  change  introduced 
into  the  natural  conftitution  of  the  parts. 

2.  The  other  kind  of  bodies,  which  become 
phofphori  upon  being  excited,  or  that  are  at  lead 
atfided  by  that  means,  may  be  didributed  into 
different  fpecies,  according  to  the  different  modes 
of  excitation.  Thefe  modes  are  attrition,  heat,  the 
free  admijjion  of  the  air,  and  ladly,  being  expofed  to 
the  external  light. 

3.  Bodies  of  every  kind  become  phofphori 
by  attrition,  provided  they  can  bear  that  force  of 
fridlion  which  is  fufficient  to  produce  the  reluc¬ 
tant  light  that  is  hid  in  their  fubdance.  For  the 
fame  reafon  almod  all  bodies  grow  hot,  and  often 
fo  violently,  as  to  take  fire.  There  are  feveral 
modes  of  attritioJi:  in  the  fird  place,  prejfure, 
whereby,  as  Du  Fay  obferved,  fome  diamonds 
became  phofphori :  in  the  fecond  place,  collifioji, 
which  is  the  vulgar  method  of  driking  fire  out 
of  dones  :  friStion,  and  contritioji  which  lad  is  the 
well-known  method  whereby  the  coats  of  many 
animals  are  made  to  emit  fparks.  In 'the  lad 
place,  and  not  to  be  too  minute,  we  mud  reckon 
agitation,  which  agrees  mod  particularly  with  liquid 
fubdances  :  as  the  fea  water,  when  druck  with  oars, 
and  agitated  in  a  dark  night,  is  always  obferved 
to  fhine. 

.  4.  The  emerald  phofphorus,  and  many  gems, 
and,  amongd  thefe,  not  a  few  diamonds,  together 
with  many  other  dones  of  fmall  value,  as  the 
lapis  lazuli,  the  falfe  emerald,  and  a  great  part  of 
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the  mountain  cryftals,  become  pliofphori  by  the 
application  of  heat, 

5.  But  the  free  admijjion  of  air,  in  ufing  the 
phofphorus  of  Konkel  or  rather  of  Kraft,  not 
only  produces  light,  but  even  a  blaze  of  fire, 
where  fridlion  is  ufed.  The  phofphorus  of  Horn- 
berg,  and  a  great  many  others  formed  upon  the 
fame  principles  from  allum,  or  any  other  animal 
or  vegetable  fubftance,  according  to  Lemmery’s 
method,  as  well  as  Le  Fevre’s  preparation  from 
iron  and  fulphur,  burn  very  furioufly  upon  the 
approach  of  the  air.  In  the  lafl;  place,  we  muffc 
mention  the  puhis  fuhninans  of  Godofred,  which 
exceeds  every  thing  of  this  kind,  and  has  obtained 
that  name  from  the  thundering  report  it  makes, 
and  the  quantity  of  fparks  it  emits  upon  the  admif- 
fion  of  air. 

6.  In  this  fecond  kind  of  bodies  the  Bologna, 
fone  deferves  the  principal  place.  From  this  the 
philofophers  were  firfl  taught  this  wonderful  fa¬ 
culty  of  attraSlmg  the  external  light,  which  was 
before  entirely  unknown ;  by  which  means  they 
learned  to  invefligate  a  fimilar  power  in  other 
bodies.  But  their  attempts,  were  long  without 
fuccefs  :  and  if  accident  had  not  affifled  them, 
perhaps  our  Bologna  flone  had  been  the  only 
phofphorus  known  at  this  day. 

7.  For  though  Helmont  has  told  us,  in  his 
writings,  that  he  had  in  his  poffeflion  a  flhit  fo 
prepared  as  to  receive  the  light,  and  to  preferve  it 
vifible  for  fome  time  in  a  dark  place  :  yet  nobody 
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fince  Flelmont  has  been  curious  enough  to  find  oiit 
his  preparation.  Whence  it  has  happened  that 
the  fecret  of  making  this  phofphorus,  and  al- 
'  moft  the  memory  of  it,  have  died  with  the  in¬ 
ventor. 

8.  In  confequence  of  this,  the  Bologna  fi;one 
maintained  for  fome  time  a  confiderable  repu¬ 
tation,  until  Chrijiiim  Adolphus  Baldwyn,  in  fearch- 
ing  after  fome  ftrange  chymical  menftruum,  dif- 
covered  a  phofphorus  which  perhaps  he  was  not 
looking  for,  and  certainly  had  no  hopes  of  finding. 
This  phofphorus  was  like  our  ftone  in  it’s  fa¬ 
culty  of  attracting  the  external  light,  and  not 
inferior  to  it  in  the  brilliancy  of  it’s  fplendor. 
It  was  therefore  received  by  tbe  philofophers  with 
fingular  admiration  and  pleafure.  For  as  there 
was  not  enough  of  the  Bologna  phofphorus  to 
furnifh  every  body  with  fpecimens  who  wanted 
them,  (which  was  not  owing  to  the  lofs  of  the 
art  of  making  them,  as  is  generally  believed,  but 
becaufe  this  fecret  was  confined  to  a  few  families 
at  Bologna,  and  principally  to  the  family  of  Za- 
gony)  this  new  phofphorus  came  very  opportunely 
to  fupply  it’s  place,  and  was  eafily  procured  by 
all  that  wanted  it,  and  was  as  fit  for  making  the 
experiments  as  the  Bologna  one.  Though  after 
all,  it  is  uncertain,  whether  the  phofphorus  which 
is  now  generally  aferibed  to  Baldwyn,  and  com- 
pofed  of  chalk,  dilTolved  in  fpirit  of  nitre,  be 
the  fame  phofphorus  which  that  author  feems  to 

have 


have  hid  by  a  number  of  dark  pafTages,  rather 
than  difclofed. 

9.  After  the  difcovery  of  Baldwyns  phofpho- 
rus,  no  addition  was  made  to  this  clafs  for  near 
fixty  years.  But  in  the  year  1730  Du  Fay  intro¬ 
duced  an  incredible  number.  For  this  ingenious 
perfon  found,  that  whatever  fubftances  might  be 
turned  to  a  calx  by  burning  only,  or  being  dif- 
folved  in  a  nitrous  acid,  and  then  brought  into  a 
folid  form  again,  that  was  hard  enough  to  be 
burnt  to  a  white  heat,  were  proper  to  imbibe  the 
external  light.  By  this  means  the  phofphorus, 
which  was  before  a  lingle  genus,  and  confined  to 
the  Bologna  ftone,  was  much  increafed,  and  divided 
into  two  clafies ;  in  one  of  which  our  phofphorus 
obtains  the  firfi;  place,  and  in  the  other  the  phof¬ 
phorus  of  Baldwyn. 

10.  From  thefe  fortunate  beginnings  he  ima¬ 

gined  and  expedled,  that  all  bodies  might  be  made 
capable  of  this  difiindtion,  either  by  the  procefi'es 
before  mentioned,  or  perhaps  by  fome  one  more 
obvious.  True  it  is  that  Du  Fay  ufed  his  utmofi: 
endeavours  to  bring  into  this  clafs  of  phofphori, 
metals,  gems,  chryfials,  flints,  and  other  bodies 
of  that  fort  which  could  refifi:  the  force  of  fire,  or 
of  corroding  liquors.  ' 

11.  But  what  he  endeavoured  to  reach  with 
fuch  great  labour,  he  found  four  years  after  effe<fted 
by  Nature  herfelf  in  the  mofi:  noble  of  all  bodies. 
Du  Fay  was  at  that  time  examining  eledlric  fub- 
ftances ;  and  obferving  in  moil  of  them,  that  not 
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only  an  attractive  power,  but  even  light  was 
excited  by  fridtion,  he  made  a  more  diligent  en¬ 
quiry  into  the  wonderful  differences  of  that  light. 
Upon  this  occafion  he  made  many  experiments 
of  his  own  invention,  and  at  the  fame  time  re¬ 
peated  thofe  which  Boyle  had  formerly  made  with' 
Claytons  diamond.  Amongft  thefe  he  diftin- 
guifhed  that  experiment  in  which  the  gem  when 
moved  towards  a  lighted  candle  continued  to  fhine 
for  fome  time  with  the  fplendor  that  remained. 
Boyle  had  been  of  opinion  that  this  light  was 
owing  to  the  heat  occafioned  by  the  vicinity  .of 
the  fiame  :  and  Du  Fay,  upon  firft  making  thefe 
experiments,  thought  the  fame.  But  he  after¬ 
wards  expofed  fome  diamonds  to  the  rays  of  tlie 
fun,  and  though  they  acquired  very  little  heat, 
yet  they  had  juft  the  fame  fplendor  :  upon  which 
he  changed  his  opinion,  and  determined  that  this 
light  did  not  proceed  from  the  heat,  but  from 
the  lighr  of  the  fun.  And  here  he  found  himfelf 
engaged  in  a  very  large  field  of  enquiry.  There¬ 
fore  he  began  in  the  fame  manner  to  make  ex¬ 
periments  firft  upon  the  other  kinds  of  gems,  and 
afterwards  upon  other  ftones,  as  w^ell  precious, 
as  otherwife.  But  thefe  purfuits  did  not  repay  his 
labour,  or  anfwer  his  expectation.  He  found  in¬ 
deed  that  fome  diamonds,  and  a  certain  rough 
emerald,  together  with  certain  cryftalline  concre¬ 
tions  refembling  emeralds,  amethyfts,  and  topazes 
in  their  colour,  but  much  inferior  to  them  in 
hardnefs,  would  ftiine  in  the  dark  after  being  ex¬ 
pofed 


pofed  to  the  light.  To  thefe  he  added  the  lapis 
lazuli,  the  Bern  ftone,  and  a  few  leaden  ores. 
Except  thefe  bodies  he  could  difcover  none  that 
might  be  reckoned  amongfl:  gems  for  their  hard- 
nefs  and  brilliancy,  or  that  might  be  deemed  re¬ 
lated  to  cryftals,  or  talks,  or  felenites,  or  chalks, 
or  even  to  the  numerous  claffes  of  marbles,  that  had 
this  property. 

12.  Whilft  this  was  doing  at  Paris^,  I  acci¬ 
dentally  difcovered  the  fame  wonderful  power  in 
a  diamond  which  I  happened  to  wear  in  my  ring. 
It  appeared  to  me  a  fubjedt  well  worthy  the  atten¬ 
tion  of  a  philofopher.  I  immediately  began  to 
try  all  forts  of  experiments,  in  different  kinds 
of  lights,  upon  my  own  diamond,  and  upon  as 
many  others,  of  different  fizes,  waters,  tranfpa- 
rencies,  and  colours,  as  I  could  procure ;  in  order 
to  difcover  what  difference  might  arife  in  this 
variety  of  hones,  either  in  the  mode,  force,  or 
continuance  of  the  fplendor.  I  communicated 
thefe  enquiries,  and  the  whole  fruit  of  them,  fuch 
as  it  was,  to  the  academy.  And  I  received  from 
that  fociety  the  moft  favourable  marks  of  their 
approbation.  However  many  things  were  left 
for  further  enquiry,  and  it  was^  indeed  impofhble 
even  to  touch  upon  fome  parts  of  the  fubjedl. 
In  particular,  no  enquiry  was  made  into  the  caufe 
why  fome  diamonds  become  phofphori,  whilft 
others  in  all  refpedls  fimilar  to  them,  and  expofed 
to  the  fame  light,  do  hill  remain  dark. 

13.  This  new  invefligation  brought  with,  it 

more: 


more  labour  than  profit,  with  rerpe(5l  to  the  prin¬ 
cipal  point }  but  afforded  a  great  deal  of  matter 
which  was  little  expeded  from  it.  For  being 
obliged  in  the  courfe  of  thefe  experiments  to 
adopt  a  very  nice  method  of  obferving,  inafmuch 
as  the  fmallefl  difference  of  light  would  have 
very  material  confequences :  it  followed  from  this 
accuracy  that  fome  things  were  obferved,  which 
had  before  efcaped  not  only  me,  who  am  a  pretty 
diligent  obferver,  but  likewife  other  perfons  of 
great  fagacity  and  difcernment.  I  found  for  in- 
flance,  with  refped  to  diamonds,  upon  account 
of  which  bodies  this  enquiry  was  undertaken, 
that  there  are  amongfi;  them  a  much  greater 
number  of  phofphori  than  any  perfon  of  lefs 
attention  would  have  imagined.  It  appeared  too, 
that  befides  this  gem,  and  the  fmall  numbei* 
of  fiones  above-mentioned  by  Du  Fay,  that  many 
other  bodies  are  capable  of  the  fame  dilfindion 
without  any  artificial  means,  and  by  the  mere 
liberality  of  Nature  ;  and  that  not  a  few  other  fub- 
fiances  become  phofphori  by  undergoing  a  very 
fmall  alteration.  Being  therefore  entered  into 
this  large  field'  of  enquiry,  I  thought  it  my  duty 
to  condud  with  the  utmofi  diligetice  and  care 
what  I  had  undertaken  by  accident.  For  this 
reafon  I  employed  upon  thefe  experiments  all  the 
time  that  could  be  foared  from  more  ferious  bull- 

i 

nefs.  And  finding  that  I  had  fpent  as  much  time 
upon  this  fubjed,  with  a  view  of  extending  my 
enquiries,  as  •  could  be  expeded  or  required  from 
10  a  per- 
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a  perfon  v/ho  had  many  other  engagements;  and 
moreover  that  it  would  take  a  much  longer  fpace 
to  bring  them  to  perfedlion  :  for  thefe  reafons  I 
refolved  not  to  keep  thefe  obfervations  private,  but 
to  communicate  them,  how  trifling  foever,  to  the 
learned.  And  I  hope  that  fuch  as  are  judges  of  the 
fubjedl,  if  they  find  my  obfervations  to  be  founded 
upon  truth,  will  not  altogether  defpife  the  prefen t 
undertaking;  efpecially  as  they  muft  know,  that 
in  phyfical  learning  many  great  and  ufeful  difco- 
veries  have  arifen,  or  at  leaft  have  been  advanced, 

.  and  perfedled,  from  circumftances  apparently  of 
fmall  moment. 

14. 'But  before  we  fpeak  of  thofe  bodies  that 
are  obferved  to  fhine  in  the  dark  by  means  of 
the  light  they  have  before  imbibed,  it  will  be 
proper  to  explain  in  what  manner  the  obferver 
fhould  prepare  himfelf  for  this  piirpofe  ;  fince 
the  v/hole  affair  depends  almofl;  entirely  upon 
fuch  preparation.  It  mufl  be  underflood  that  the 
light  imbibed  by  mofl  of  thefe  bodies  is  neither 
very  bright,  nor  very  lafling.  It  is  very  clear  that 
a  weak  light  does  not  fufiiciently  flrike  the  eye 
that  has  been  before  accuftomi^d  to  a  flronger ;  and 
it  is  as  certain,  that  a  tranfient  and  fhort-lived  light 
will  be  exfinguifhed  before  the  commotion  of  the 
eye,  occafioned  by  the  precedent  flrong  light,  can 
have  time  to  fettle.  In  order  to  prevent  thefe  in- 
conveniencies,  it  is  proper  in  the  firfl  place,  before 
we  begin  our  obfervations,  to  remain  in  a  very 
dark  place  until  every  veflige  of  the  light  before 

received. 
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received  into  the  eye -is  entirely  obliterated:  and 
iif  the  next  place  that  the  bodies,  upon  which  we 
obferve,  fliould  be  conveyed  from  the  full  light 
into  the  dark  place  of  obfervation  with  the  utmoll 
fvviftnefs ;  which  cannot  be  performed  unlefs  the 
place  of  obfervation  be  very  clofe  to  the  full  light. 
But  in  this  cafe,  how  diall  we  avoid  admitting  fome 
portion  of  dight  fufficient  to  difturb  the  obferver’s 
eye,  together  v/ith  the  body  ?  However,  I  ma¬ 
nage  this  point  in  the  following  manner :  others 
muft  fuit  their  own  fancy  and  convenience,  but 
this  contrivance  anfwered  my  purpofe.  I  had  a 

fmall  box  made,  but  large  e- 
nough  either  to  fit  or  ftand  in, 
and  at  the  fame  time  of  a  con¬ 
venient  lize  to  be  moved  about. 
There  was  a  door  on  one  fide, 
which  fhut  very  clofe  ;  on  the 
other  fide  was  a  window  cut  out, 
to  which  was  fixed  a  cylinder  or 
tympanum i  fo  clofely  joined  as  to 
leave  the  leall  fpace  poflible  be¬ 
tween  the  joints,  namely  jufi: 
enough  to  give  room  for  the 
cylinder  to  turn  round  it’s  axis, 
which  was  perpendicular.  To  the  borders  of  the 
window  were  fixed  two  wings,  and  to  the  upper 
and  lower  borders  were  fixed  two  lifts  :  all  of 
which  were  of  fuch  breadth,  and  fo  adapted  to 
the  curvature  of  the  drum,  as  to  intercept  fuch 
portion  of  the  external  light,  as  would  otherwife 
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have  palTed  through  the  joinings.  In  the  laft  place 
there  was  an  aperture  from  the  top  to  the  bottom  of 
the  cylinder,  being  in  breadth  about  the  fixth  part 
of  it’s  circumference.  Through  this  opening  the  fe- 
veral  bodies  were  placed  upon  the  bottom  of  the  cy¬ 
linder,  and  by  that  means  they  were  eafily  expofed 
to  the  light  or  to  the  obferver,  by  only  turning  the 
cylinder.  And  thus  were  thofe  bodies  conveyed  in 
the  fwifteft  manner  from  the  light  into  the  dark ; 
and  the  obfcurity  was  at  the  fame  time  defended 
entirely  from  the  light.  Nothing  therefore  re¬ 
mained  but  that  the  fpediator  fhould  have  his  eye 
as  free  as  poffible  from  every  preceding  impreffion. 
And  this  precaution  requires  a  conliderable  time  to 
be  paffed  in  the  dark  :  which  circumftance  would 
be  very  difagreeable  even  to  a  man  at  perfed:  lei- 
fure,  and  to  a  perfon  anxious  to  try  new  experi¬ 
ments,  muft  be  exceedingly  difagreeable.  There¬ 
fore  Du  Fay  is  very  right  in  recommending  the  firfl 
part  of  the  morning  for  thefe  obfervations,  lince  the 
reft  and  darknefs  of  the  night  have  then  refreflied 
the  eye,  and  given  it  it’s  full  ftrength.  As  foon 
therefore  as  a  perfon  wakes,  he  ftiould  immedi¬ 
ately  apply  himfelf  to  thefe  obfervations  without 
any  previous  preparation.  But  if  it  ftiould  happen 
that  the  day-light  has  firft  fallen  dpon  the  eyes,  and 
the  obferver  fhould  be  unwilling  to  go  through  the 
previous  preparation  of  darknefs  and  folitude ;  in 
that  cafe,  Du  Fay  recommends  the  keeping  of  one 
eye  open  and  the  other  ftiut.  By  this  means  the 
eye  that  is  fhut  will,  by  it’s  reft  and  the  exclufion 
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of  light,  be  fit  for  obferving ;  and  the  perfon  may 
ufe  bis  other  eye  to  prepare  what  is  necefiary  for 
the  experiment.  Thefe  preparations  will  take  up 
half  an  hour,  or  fomething  longer  j  for  in  thefe 
matters  delay  cannot  hurt,  but  difpatch  may. 
When  this  time  is  over,  let  him  get  into  his  box 
and  prepare  for  obfervation ;  for  which  he  may 
know  himfelf  to  be  ready,  when  he  is  able  in  the 
dark  to  perceive  the  form  and  wdiitilh  hue  of  a  flieet 
of  white  paper. 

15.  Thus  much  for  the  manner  in  which  thefe 
obfervations  fhould  be  conducted.  In  which,  if  I 
have  been  too  long,  I  hope  to  be  excufed,  efpecially 
by  fuch  as  have  upon  other  occafions  entered  upon 
a  work  of  this  fort,  without  any  body  to  diredt 
them.  And  now  we  fhall  proceed  to  the  obferva¬ 
tions  themfelves. 

In  order  to  treat  of  thefe  in  proper  method,  we 
fhall  divide  the  whole  family  of  phofphori  into  /wa 
grand  divijionsi  and  {hall  treat,  in  the  firfl  place,  of 
fuch  as  are  naturally  phofphori,  and,  in  the  fecond 
place,  of  fuch  bodies  as  become  phofphori,  by 
means  of  fome  procefs,  which  however  is  flight  and 
does  not  alter  their  nature.  For  the  phofphori  that 
become  fuch  by  elaborate  operations,  namely,  by 
the  intire  diffolution  of  their  natural  conflitution, 
have  been  fully  treated  of  by  Mr.  Du  Fay.  With 
refpedt  therefore  to  our  firfl  divifion,  namely,  the 
natural  phofphori,  we  mufl  confider  the  following 
fubdivifions.  In  thefe  we  fliall  follow  that  order 
which  Nature  herfelf,  the  only  producer  of  thefe 
fubflances,  hath  followed  in  the  arrangement  of 
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terreftrial  bodies  ;  that  is,  we  fhall  refer  al! 
the  phofphori  to  the  clafTes  of  fojjils,  'vegetables, 
or  animals, 

Amongft  the  foffils,  we  muft  give  the  firft  place 
to  thofe  bodies  which  feem  to  conftitute  >the 
ftrudlure  of  the  earth,  being  it’s  principal  parts, 
or  at  leaffc  that  have  a  flrong  relation  to  it’s  general 
difpofition  j  and  which  bodies  we  find  either 
thrown  together  in  vaft  mafles,  or  fpread  through 
great  tradls  ;  or  laftly  difpofed  in  firata.  Some  of 
thefe  bodies  confifl;  of  parts  that  are  fcarcely,  if  at 
all,  connected  together ;  which  is  the  cafe  of  col- 
le(flions  of  earths  or  fands :  the  parts  of  other 
bodies  are  connedled  and  joined  together,  as  mar¬ 
bles,  and  other  Hones  of  great  bulk. 

16.  I  have  already  feen  many  earths  that  arc 
phofphori,  and  likewife  not  a  few  that  are  dark. 
The  dark  ones  are  for  the  moft  part  of  dark  co¬ 
lours.  Amongfl  thefe  I  reckon  in  the  firfi;  place 
black,  and  dark  ^  and  then  the  following  deep 
colours,  firfi:  red,  then  purple,  then  green,  and 
laHly  orange  ;  but  the  white,  the  afh  colour,  the 
green,  and  the  yellow,  being  faint  colours,  are 
neither  favourable  to  the  phofphoric  quality, 
nor  the  contrary.  For  example,  nuceriana,  the 
white  bole  of  the  gilders,  and  likewife  the  bole 
that  is  called  the  Great  Duke  of  Tufeany’s,  are 
white  bodies  and  phofphoric.  But  at  the  fame 
time  there  are  many  other  bodies,  as  white,  that 
are  not  phofphoric ;  and  amongfl  thefe  the  Vice- 
tina  fullonia.  There  is  the  fame  fort  of  uncer¬ 
tainty  with  refpedl  to  the  other  qualities.  There 
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IS  for  inftance  a  great  variety  in  the  nature  of 
earths,  fome  of  which  are  of  a  loofe  texture,  and 
others  thick  and  clofe  ^  for  which  reafon  the  for¬ 
mer  are  light,  and  the  latter  more  ponderous ;  fome 
again  are  hard,  and  others^  on  the  contrary  foft  ; 
fome  are  tough,  and  others  brittle ;  fome  are  lean, 
and  others  fat ;  fome  are  rough,  and  others  fmooth  ; 
amongft  which  latter  fome  are  fo  fmooth  as  to 
appear  greafy  to  the  touch.  But  in  this  great 
variety  I  have  not  been  able  to  difcover  any  cer¬ 
tain  criterion  for  diflinguilhing  which  are  phof- 
phori.  But  in  mod;  earths  the  light  is  weak,  and 
ealily  efcapes  obfervation,  unlefs  the  eye  be  very 
clear  and  attentive.  The  earth  that  is  brought 
from  the  Argentarian  mountains,  and  what  is 
brought  from  Sicily  under  the  name  of  the  mine¬ 
ral  Bezoar,  feemed  to  excel  other  earths  in  the 
force  and  duration  of  their  light.  The  earth  that 
is  called  the  golden  virgin  earth  by  Bocconi,  ex¬ 
ceeds  the  foregoing  not  in  it’s  fplendor,  but  in  it’s 
duration. 

17.  After  the  earths  we  muft  confider  the 
fands,  not  becaufe  they  are  of  the  fame  nature 
with  the  earth,  according  to  the  vulgar  opinion, 
but  becaufe  they  occupy  large  fpaces,  and  confe- 
quently  make  a  conliderable  part  of  the  earth’s 
furface.  But  in  truth  fands  are  very  minute 
fragments  of  flones.  It  is  therefore  probable  that 
they  follow  the  nature  of  the  bodies  from  whence 
they  ’  are  broke  in  the  circumftance  of  being 
phofphori  or  not,  as  well  as  in  others.  For 
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which  reafon  I  gave  myfelf  but  little  trouble 
about  lands  that  are  black,  or  of  other  deep  co- 
lours,  having  known  by  other  obfervations  that  fuch 
colours  did  not  admit  the  light.  I  therefore  ap¬ 
plied  myfelf  to  white  and  other  pallid  colours  ;  and 
in  fadt  1  think  they  appear  well  adapted  to  the 
admiffion  of  light ;  for  though  I  found  one  or 
two  that  were  otherwife,  yet  1  am  doubtful  whether 
this  was  owing  to  their  natural  conflitution,  or  to 
the  adhclion  of  fome  foreign  fubiliance.  For  that 
fand,  which  is  dug  out  of  the  hills  near  Bologna, 
and  is  of  an  orange  colour,  will  not  become  a 
phofphorus  fo  long  as  it  continues  tinged  with  the 
ocre  by  which  it  is  coloured ;  but,  when  that  is 
waflied  off,  the  fand  becomes  white,  pellucid,  and 
a  very  fine  phofphorus. 

i8.  Next  to  the  fands  and  earths  we  mufl  place 
fuch  flones  as  are  of  a  great  bulk.  Thefe,  being 
in  a  great  meafure  diftributed  in  ftrata,  by  their 
quantity  and  folidity,  fupport  and  embrace  other 
bodies  that  are  loofe  and  unconnedted,  and  by  that 
means  give  a  certain  firmnefs  and  folidity  to  this 
globe. — ^Some  of  thefe  hones  are  of  a  loofe  texture, 
and  a  rugged  furface ;  others  are  of  a  firmer  com- 
pofition,  and  not  altogether  rough  ;  and,  in  tho 
lafl;  place,  fome  are  of  fo  firm  a  texture  as  to  receive 
a  finning  polifli.  The  fandy  flones,  which  are  in 
the  firfl  clafs,  are  pale  and  languid  phofphori ;  the 
Cofolearia,  which  is  in  the  fecond  clafs,  is  fome- 
what  brighter  3  and  marbles,  which  are  in  the  lafl 
divifion,  are  almofl  all  phofphori.  But  amongfl 
thefe,  fuch  as  are  the  whitefl  and  the  foftefl,  are  the 

mofl: 
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mofl:  eminent.  Thefe  two  qualities  concur  in  the 
alaballer.  But  the  moft  beautiful  of  this  kind  is 
that  alabajlcr  which  our  flatu  aries  call  cotognu 
Next  to  this  are  certain  marbles  which  are  as  ten¬ 
der  as  the  alabafler,  but  are  of  a  deeper  colour  in 
particular  parts,  and  have  confequently  dark  fpots 
intermixed  with  their 'light ;  for  in  thefe  bodies,  as 
in  others,  colours  obftrud:  the  phofphoric  quality, 
and  the  more,  the  darker  they  are  ;  which  was 
before  obferved  with  refped:  to  earths.  But  with 
faint  colours  it  is  otherwife  5  and  indeed  there  is 
a  marble  of  a  tender  red,  which  I  have  obferved 
to  be  a  good  phofphorus,  and  efpecially  fome 
pieces  of  Spanifli  marble  of  that  fine  fort  which 
is  called  brocatelli.  Porphory,  ophites,  granates, 
and  other  hard  and  dark  marbles  of  that  fort,  are 
either  not  phofphori,  or  their  light  is  fo  uncertain 
as  to  be  hardly  diflinguifhable. 

19.  Next  to  thefe  large  bodies  we  mufl  reckon 
chalk  (or  limeflone)  which  in  fome  countries,  and 
efpecially  about  Bologna,  does  not  lie  upon  the 
furface  of  the  earth,  or  in  fmall  quantities,  but 
is  found  in  great  maffes.  To  the  fouth  of  our 
city  are  very  high  hills,  confifting  entirely  of 
limeflone  and  from  thence  very  large  veins 
thereof  run  through  the  neighbouring  country. 
The  limeflone  that  is  dug  from  thence  for  build¬ 
ing  is  naturally  a  pretty  flrong  phofphorus,  but 
becomes  much  flronger  by  burning.  But  this 
adventitious  quality  goes  off  in  a  few  days ; 
which  agrees  with  Du  Fay’s  obfervation  with 

refpedt 
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refpe(f3:  to  this  ftone,  and  to  marbles,  and  other 
flones.  But  when  this  artificial  light  is  gone  ' 
away,  the  natural  phofphoric  quality  ftill  remains, 
and  is  not  deftroyed  by  age,  or  by  the  injuries  of 
the  air,  or  other  furrounding  bodies.  I  fiiould 
not  have  ventured  to  affirm  this,  if  I  had  not  found 
a  piece  of  lime  mortar  which  was  taken  out  of  a 
wall  above  one  hundred  years  old,  and  that  had 
preferred  this  power  quite  unhurt  by  the  force  of 
time,  and  that  perpetual  firefs  of  weather  to  which 
it  was  always  expofed, 

20.  Next  to.  the  ftones  which  occupy  large 
Ipaces  of  the  earth,  by  their  own  great  bulk,  we 
muft  fpeak  of  fuch  as  are  in  themfelves  fmall,  and 
are  not  dilpofed  in  continued  maffes,  but  are  found 
intermixed  with  the  firata  of  other  bodies.  Some 
of  thefe  are  not  harder  than  marble,  and  others  ‘ 
are  harder  than  any  marble.  Of  the  former 
kind,  fome  have  no  determinate  exterior  form, 
and  no  particular  and  certain  difpofition  of  the 
internal  parts,  which  is  the  cafe  of  mofi;  lime- 
ftones  :  the  fecond  fort  are  informal  on  the  outfide, 
but  have  a  certain  particular  difpofition  of  parts 
on  the  irfide,  which  in  fome  of  them  exhibits  a 
grain  that  runs  in  parallel  lin^s,  as  in  the  ami- 
antus,  and  the  alumen  plumofum  :  in  others  it 
produces  thin,  flexible,  and  parallel  laminas,  as 
in  talc,  and  lumps  of  gold  or  filver :  in  other 
bodies  it  exhibits  incruftations  one  over  another, 
as  in  the  astites :  and  laftly  we  mufl:  reckon  fuch 
{tones  as  have  a  certain  regular  formation,  both 
I  o  internal 


[  IS  ] 

internal  and  external.  To  this  clafs  are  referred 
by  IVoodward,  who  is  our  authority  for  this  divi- 
iion'of  the  felenites,  the  lapis  fpecularis,  the  be- 
leninites,  the  flaladites,  and  ofteocolla. 

21.  Lime-ftones  are  all  phofphori  more  or  lefs. 
The  colour  makes  a  great  difference.  The  white 
ones  are  the  bed  pholphori,  and  the  dark  ones 
produce  a  pale  weak  light.  Of  this  fort  are 
thofe  that  the  public  dreets  are  paved  with  at 
Bologna.  The  amiantus,  and  the  papers  that  are 
made  from  it,  are  not  phofphori,  nor  is  the  talc 
a  phofphorus ;  neither  the  common  pellucid  fait, 
nor  that  which  is  green  and  undluous  j  neither 
is  any  of  this  quality  in  the  fpangles  of  talc 
wherewith  the  fands  in  our  mountains  are  min¬ 
gled.  This  power  is  very  weak  in  filver  fpan¬ 
gles  y  it  is  ftronger  in  a  certain  kind  of  setites 
which  exhibits  that  afh  colour  which  is  obferved  in 
the  incruftations  of  certain  ffones  that  look  like  a 
kind  of  calx ;  but  there  is  nothing  of  it  in  an¬ 
other  kind  of  setites  that  is  found  in  the  neigh¬ 
bourhood  of  Narnif  and  which  is  a  concretion  of 
yellow  ocre ;  fo  that  it  plainly  appears,  that  in 
the  fame  fpecies  of  foffils  there  is  a  great  difference 
in  the  materials  of  their  compofition,  and  con- 
fequently  in  their  phofphoric  qualities.  —  But  in 
that  kind  of  ffones  which  is  diffinguiffied  by  a 
regular  external  and  internal  form,  nature  feems 
to  have  effedled  a  wonderful  Angularity.  In  the 
ffaledtites  Ihe  amufes  herfelf  with  the  moft  ele¬ 
gant  variety  of  forms,  She  fafhions  tubes,  lami¬ 
na, 
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iiaB,  trunks  of  trees,  bones,  duflers  of  grapes, 

and  almoft  an  infinite  variety  of  figures  and  even,  _ 

fometimes,  human  forms,  out  of  the  fi:rong  con-  ^  ^  y 

cretions  that^re  found  in  water.  But  in  the 

lenites,  and>  the  Iceland  cryfial,  fhe  is  more 

borious,  and  conftrudls  their  figures  according  to 

the  fevere  laws  of  geometry.  Our  Bologna  fitone 

has  been  the  objed:  of  her  induftry ;  for  fhe  has 

difpofed  therein  certain  ftrias,  pellucid  as  cryftal, 

and  which  tend  to  it’s  axis  in  the  moft  beautiful 

manner.  Moreover,  fhe  has  adorned  all  thefe 

bodies  not  only  with  the  greateft  beauty,  but 

with  the  phofphoric  power.  Amongfi;  the  refi: 

we  mufi:  diftinguifli  a  JialeBites  that  is  dug 

in  our  neighbourhood,  which  is  rather  pellucid, 

of  a  yellowifh  colour,  and  of  a  beautiful  form. 

Of  the  fame  kind  are  thofe  llones  which  are  per¬ 
forated  like  fponges,  and  are  therefore  called  in 
our  language  water  fponges.  Upon  being  burnt 
they  afford  a  very  white  fubflance.  Our  waters 
too  produce  a  cruft  on  the  fides  of  the  pipes,  and 
at  the  bottom  of  veffels ,  which  cruft  is  a  very 
ftrong  phofphorus.  The  fame  may  be  obferved 
with  refped  to  other  concretions  belonging  to 
this  kind.  We  need  fay  notjhing  of  the  felenites 
and  the  lapis  fpecularis,  fince  we  have  faid  fo  much 
of  our  lime-ftone,  to  which  they  have  fo  much 
refemblance.  We  muft  not  omit  the  Iceland 
cryftal,  and  our  Bologna  ftone ;  which  laft  men¬ 
tioned  fubftances  produce  a  light  almoft  equal  to 
thofe  abovementioned.  The  belemnitae,  the 
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aftfoitae,  with  refpecSl  to  their  form,  may  be 
reckoned  of  this  kind  ;  bnt,  with  refpedl  to 
their  origin,  they  feem  to  be  of  a  quite  difterent 
one.  But  whatever  kind  they  may  belong  to,  I 
have  obferved  that  moft  of  them  are  phofphori, 
fome  brighter  than  others.  And  fince  we  are 
talking  of  figured  flones,  we  muft  obferve  that 
many  dentritas  are  phofphori ;  but  that  fort  of 
dentritae,  that  is  formed  like  a  crofs  and  fpeckled, 
is  little  or  nothing  of  a  phofpborus. 

22.  I  come  now  to  confider  fuch  flones  as  are 
harder  than  marble.  Thefe  are  all  endued  with 
a  brightnefs  that  is  altogether  lingular ;  for  they 
arc  capable  of  fo  great  a  polifh  as  to  fend  forth 
light  from  every  point.  Many  of  them  are  like- 
wife  fo  perfecflly  tranfparent  that  there  is  no  part 
of  them  that  does  not  feem  to  be  entirely  pene¬ 
trated  by  the  light,  and  to  be  full  of  it.  And 
yet  in  this  kind  of  bodies,  fo  noble  and  fo  nume¬ 
rous,  but  a  few  flones  can  be  found  that  retain  in 
the  dark  any  veflige  of  that  fplendor  which  is  fo 
great  an  ornament  to  them  in  the  light.  The 
lapis  lazuli  is  the  only  flone  amongfl  the  opaque 
flones  which  preferves  it’s  light  in  the  dark. 
The  malechitsB,  and  the  whole  family  of  the 
jafpers,  have  not  th^  property.  But  amongfl  the 
flones  that  have  a  fort  of  tranfparency,  I  have 
obferved  that  flints  have  a  certain  light  fpread  over 
them.  And  although  this  is  but  a  weak  light,, 
yet  it  feems  to  penetrate  the  internal  parts  of  the 
flone,  and  at  the  fame  time  to  affume  it’s  colour. 

Many 
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Many  fpecimens  of  agate  exhibit  a  like  appear¬ 
ance.  In  thefe  was  obferved  a  very  fmall  light 
diifufed  through  the  whole  body,  and  of  fuch  a 
horny  colour  as  this  Hone  has.  I  likewife  ob¬ 
ferved  a  light  fomewhat  flronger  in  feveral  con¬ 
cretions  of  the  agate  kind  j  and  in  particular  I 
faw  one  that  was  formed  in  a  plough,  and  fomc 
others  in  the  diells  of  cockles.  All  of  which 
reprefented,  in  a  beautiful  manner,  the  fame  ap¬ 
pearance  as  the  true  agate  does.  But  there  are 
a  great  number  of  agates  that  do  not  fliew  the 
leafl  appearance  of  this  faint  light.  But  the  la¬ 
pides  Calcdonii  that  I  have  examined  are  all  phof- 
phori ;  and,  amongft  the  reft,  one  was  fo  bright 
that  the  interior  parts  of  it  flione  very  confiderably. 
But  I  have  found  that  Du  Fay’s  obfervation,  which 
is  mentioned  above,  is  perfe<ftly  true  with  refpedt  to 
all  tranfparent  ftones,  whether  coloured  or  colour- 
iefs,  namely,  that  diamonds  alone  are  the  only 
phofphori  amongft  the  gems ;  nor  does  this  ex¬ 
tend  even  to  to  all  diamonds,  nor  is  the  phofphoric 
quality  in  any  proportion  to  the  other  fine  quali¬ 
ties  of  the  ftone.  And  with  refpe(ft  to  cryftals  I 
have  obferved  that  their  fize,  their  tranfparency, 
or  their  colour,  have  nothing  to  do  with  their 
phofphoric  properties  ;  nor'  are  thefe  properties 
affecfted  by  the  oppofite  circumftances.  And  thefe 
confiderations  have  made  me  fufpedt  that  cer¬ 
tain  concretions  which  are  called  cryftalline,  and 
fo  efteemed,  do  in  truth  differ  very  much  from 
the  mountain  cryftal ;  fince  otherwife  they  would 
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no  more  be  phofphori  than  the  true  cryflals 
are.  I  have  feen  many  fpecim.ens  of  thefe  con¬ 
cretions  that  are  as  hard  as  the  true  cryftals,  and  are 
found  in  thofe  globular  and  hollow  ftones  which 
are  called  a^yfiallme  mothers,  and  there  appear  in 
the  form  of  very  pretty  fmall  gems.  I  faw  like- 
wife  another  cryftalline  concretion  in  a  cockle-fhell 
that  incrufted  it’s  cavity  with  exceeding  fmall  drops 
that  were  moftly  fexangular.  Thefe  all  were  very 
bright  phofphori. 

23.  As  to  thofe  metals  which  are  of  the  next 
value  to  gems,  they  are  farther  removed  from 
being  phofphori  than  gemc,  are  j  for  not  only 
metals,  but  all  fubftances  that  have  any  affinity  to 
them,  are  excluded  from  that  clafs  of  phofphori 
into  which  fome  diamonds  are  admitted.  There¬ 
fore  cinnabar  and  lapis  calaminaris,  and  bifmuth, 
and  marcazites,  and  zinks,  and  other  bodies  of 
the  fame  kind,  are  not  phofphori.  But  foffil 
orpimefit  and  white  arfenic  are  phofphori  ;  but 
perhaps  thefe  bodies  may  not  be  metallic,  or  they 
may  have  fome  particles  in  their  compolition  that 
are  phofphoric. 

24.  And  if  this  ffiould  be  reckoned  to  be  fome 
terreflrial  juice,  yet  I  cannot  think  it  to  be  ful- 
phur ;  and  yet  it  is  a  common  opinion  that  the 
orpiment  has  a  great  deal  of  fulphur  in  it.  But 
1  have  obferved  that  fulphur,  and  all  fulphurious 
bodies  and  fat  juices,  not  only  fuch  as  are  liquid, 
as  the  petroleum,  but  likewife  fuch  as  are  concre¬ 
tions,  for  inilance,  amber,  jet,  pit-coal,  and  all 
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the  clafTes  of  the  bitumens,  though  they  kindle 
by  the  application  of  fire,  yet  they  are  by  no  means 
phofphori. 

25.  On  the  other  hand,y^//j-,  which  conftitute 
the  other  clafs  of  the  terreflrial  juices,  are  phof¬ 
phori  :  but  then  they  mu  ft  be  perfe(ftlv  free  from 
all  mixture,  and  efpecially  of  metals  :  otherwife 
they  will  not  be  phofphori,  though  they  be  as  tranf- 
parent  as  the  cleareft  gem.  I  am  warranted  in  this 
opinion  by  experiments  made  upon  vitriol,  both 
Cyf  f'ean^  Romany  and  Germany  and  which  had 

^  been  made  as  tranfparent  as  a  faphire,  or  an  eme¬ 
rald,  in  order  for  the  experiment.  Other  falts 
are  phofphori  :  fome  better  than  others.  The 
rock  fait  and  the  fparkling  fait  are  very  feeble  : 
the  opaque  fait  is  fomething  better :  the  foftil 
red  fait  not  at  all  :  the  fea  fait  is  a  pretty  good 
one,  provided  it  be  cryftaliine  and  dry  :  the 
fal  ammoniac  is  not  extraordinary,  but  not  the 
worft  of  all.  The  fait  that  is  called  Cathartic, 
and  the  modern  preparations  of  nitre,  are  pretty 
ftrong  :  the  Egyptian  fait  fomewliat  weaker,  and 
fo  is  allum  :  but  borax  is  an  exceeding  fine  and 
bright  phofphorus. 

26.  1  hus  far  of  bodies  which  are  naturally  and 
truly  foflils.  We  muft  nov/  fpeak  of  fuch  as  are 
reckoned  foftils,  not  upon  account  of  their  origin, 
but  becaufe  they  are  found  in  the  earth.  A  great 
part  of  this  clafs  confifts  of  the  fhells,  of  marine 
animals,  which  are  found  in  fuch  plenty  and  va¬ 
riety  all  over  the  earth  1  and  even  at  great  depths 
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and  amongft  the  moft  folid  ftrata.  And  thefc 
mud  needs  be  good  phofphori,  fmce  I  obferved 
that  all  of  them  had  that  quality  more  or  lefs, 
.except  certain  tubes  that  had  had  worms  in  them: 
and  a  body  of  that  kind  which  is  called  dentalia^ 
together  with  a  certain  nautilus  of  the  .foliatious 
kind.  But  none  of  thefe  marine  bodies  had  that 
quality  fb  drong,  as  fome  glodbpetrae  that  I  hap¬ 
pened  of.  I  have  feen  fome  fhhes  teeth  that  had 
acquired  the  liardnefs  of  dones,  and  were  pretty 
good  phofphori.  The  remains  of  fome  land  ani¬ 
mals  are  not  altogether  without  this  quality  :  for 
I  obferved  that  the  foffil  ivory  was  entirely  fuf- 
fufed  with  this  light ;  and  that  many  bones  of 
quadrupeds  were  phofphori  at  different  points  of 
them.  But  I  cannot  fay  fo  much  with  refpebt  to 
the  parts  of  vegetables  :  if  indeed  thofe  dony 
pieces  which  were  diewn  to  me  under  the  name 
of  foffil  wood,  are  properly  to  be  called  vegeta¬ 
bles  :  for  though  they  had  the  form  of  wood,  yet 
their  texture,  hardnefs,  and  colour,  were  very 
various.  For  I  faw  nothing  in  any  of  thefe  fub-j 
dances  that  was  not  quite  dark  :  though  I  ob¬ 
ferved  them  with  the  greated  attention. 

27.  And  now  we  have  gone  through  all  the 
foflils,  and  are  to  Ipeak  of  the  vegetables.  This 
clafs  of  bodies  is  as  numerous  and  various  in  it’s 
fpecies  as  any  that  is  known : ,  and  yet  it  fcems  to 
us  to  have  but  few  phofphori.  But  perhaps  I  am 
prejudiced  by  the  incredible  multitude  of  fplen- 
did  minerals  that  may  have  dazzled  my  eyes : 
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and  which  is  fo  great,  that  I  have  hardly  been 
able  to  fet  down  their  names.  However,  if  I 
may  hazard  a  conjedure  in  fuch  an  abdrufe  quef- 
tion,  I  iliould  think  that  vegetables  are  not  in 
fadt  deftitute  of  this  power,  but  that  they  contain 
fome  mixture  of  foreign  particles  that  hinder  it’s 
appearance.  I  lhall  give  the  reafons  for  this  opi¬ 
nion  upon  fome  other  occaiion.  At  prefent  I 
mufl  obfcrve  that  land  plants,  whilft  they  are  full 
of  juice  and  in  verdure,  have  nothing  of  the 
phofphoric  quality*  But  wood  that  is  dry  and 
without  fap  affords  a  weak  and  tranfient  light  ; 
and  what  may  feem  ftrange,  this  light  jiows  to 
the  edges  and  angles  in  fuch  a  manner  that  it 
feems  to  leave  the  reft  of  the  furface.  When  I 
firft  faw  this,  it  brought  to  my  mind  the  magne¬ 
tic  virtue  which  is  likewife  obferved  to  flow  to 
the  edges  of  magnetic  bodies.  It  is  further  re¬ 
markable  that  in  fome  pieces  of  wood,  and  efpe- 
daily  in  fir,  there  are  fmall  fpots  about  the  fize 
of  a  tare,  which  are  of  a  remarkable  brightnefs  y 
and  make  their  appearance  in  fuch  parts  of  the 
body  as  have  nothing  to  diftinguifti.  them  from 
the  general  darknefs  of  the  furface.  After  the 
woods  I  examined  fome  barks,  ,and  found  them  to 
be  middling  phofphori :  but  the  fruits  and  the 
feeds,  together  with  the  kernels  and  the  flour 
contained  in  them,  had  nothing  of  this  quality. 
And  in  particular  I  found,  that  wheat  meal,  and 
the  whiteft  flour  of  wheat,  was  as  dark  as  any 
body  whatfoever*  But  it  is  otherwife  with  that 
iQ  foft 
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fuft  down  which  is  contained  in  the  fruit  of  the 
cotton- tree,  and  which  is  produced  by  it  when  it 
becomes  ripe :  this  down  is  very  well  known, 
and  is  beautifully  white.  Salts  that  are  the  con¬ 
cretions  of  the  juices  of  plants,  are  ftill  better 
phofphori.  Of  this  fort  are  thofe  hones  that  are 
found  growing  to  the  infide  of  wine  calks,  and 
which  are  called  tartar.  But  of  all  the  falts  in 
this  clafs  of  vegetables,  the  brighteh  phofphorus 
is  fugar.  This  is  not  only  bright  upon  it’s  fur- 
face,  but  through  it’s  whole  fubhance,  as  if  it 
imbibed  the  light.  On  the  contrary,  gums  and 
refins,  as  maftic,  myrrh,  and  frankincenfe,  are 
not  at  all  phofphori :  in  which  they  agree  w'itli 
thofe  fat  juices,  which  we  before  reckoned  among 
the  foffils.  But  we  muft  except  wax  out  of  this 
account  of  fat  vegetables :  it  is  indeed  an  oleagi¬ 
nous  concretion,  but  of  a  lingular  nature.  White 
wax  is  found  to  be  a  phofphorus,  but  of  a  very 
weak  and  tranfient  kind.  As  to  marine  plants, 
I  have  very  little  to  olFer  that  is  worthy  of  no¬ 
tice  :  for  I  have  examined  but  few,  and  thofe  not 
juicy  ones,  but  rather  llony  concretions.  I  found 
that  fome  white  corals,  and  a  madripora  of  the  Harry 
kind,  were  phofphori.  But  I  faw  another  madripora 
of  the  fungus  kind,  that  was  dark. 

28.  We  lhall  now,  in  the  lad:  place,  confider 
of  animals.  As  this  clafs  of  beings  excels  the 
other  two  in  many  particulars,  fo  we  may  obferve 
that  it  is  equal  to  either  of  them  in  it’s  phofpho- 
ric  appearances.  Indeed  it  produces  fuch  a  great 

number 


[  27  ] 

number  of  phofphori,  as  one  can  hardly  reckon. 
But  at  the  fame  time  there  is  fuch  a  general  re- 
femblance,  and  fuch  a  natural  correfpondence 
amongft  them,  that  it  feems  not  difficult  to  com- 
prife  them  all  under  fome  general  principles,  and 
to  treat  of  them  in  a  narrow  compafs.  It  may 
be  obferved,  that  whatever  animal  fubflances  are 
limply  earthy  concretions,  hardened  into  a  folid 
form,  are  at  the  fame  time  phofphori.  For  in- 
fiance,  moffc  bones  are  phofphori,  and  efpecially 
the  bones  of  quadrupeds  i  the  teeth  of  animals, 
and  particularly  the  human  teeth,  efpecially  in 
fuch  parts  of  them  as  have  contracted  a  flony 
hardnefs,  are  the  moft  phofphoric  amongft  the 
bones.  In  thefe  bodies  hardnefs,  compaClnefs, 
and  whitenefs,  are  circumftances  the  moft  favour¬ 
able  to  their  phofphoric  appearance.  For  this 
reafon  almoft  all  the  ftiells  of  marine  animals 
are  phofphori ;  and  in  the  turbinated  ftiells  the 
light  is  the  ftrongeft  at  the  cavity  of  the  orifice, 
and  in  the  bivalve  fhells  at  the  nodes  of  the 
joints ;  becaufe,  in  thefe  places,  they  are  the  moft 
compact,  arrd  the  whiteft.  Mufcles  are  covered 
with  a  very  thin  ftiell,  and  fo  are  the  pinnce :  I 
have  feen  fome  of  this  latter»  kind  brought  from 
Amboyna  ;  they  had  a  tranfparent  coat,  but  of 
the  brittleft  kind.  Thefe  had  no  phofphoric  qua¬ 
lity-  The  fame  may  be  obferved  of  the  unguis 
odoratus.  It’s  coat  is  formed  out  of  a  bony  fub- 
ftance  that  is  ready  to  take  fire,  rather  than  out 
of  any  thing  earthy  or  ftony.  And  this  makes 
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me  fufpe<5t,  that  in  fuch  bodies  as  are  in  a  great 
.meafure  earthy  concretions,  that  the  phofphoric 
quality  is  certainly  greatly  lelTened,  if  not  entirely 
extinguiflied,  by  the  mixture  of  any  greafy  fub- 
Ifance.  And  indeed  the  horns  and  hoofs  of  land 
animals,  which  have  a  great  fliare  of  oleaginous 
parts,  have  either  no  phofphoric  quality,  or  it  is 
lb  weak  as  to  be  imperceptible.  On  the  other 
hand,  hones  that  are  bred  in  the  bodies  of  ani¬ 
mals  are  pretty  hrong  phofphori.  Of  this  fort 
are  the  hones  which  are  found  in  the  heads  of 
fome  fihies,  but  which  the  river  ajiaci  have  in 
their  belly  \  fuch  likewife  are  what  are  called 
Bezoar  hones ;  and  lahly  thofe  hones  that  are 
bred  in  the  kidneys  and  bladder  of  men.  But 
perhaps  thefe  become  phofphoric  for  a  contrary 
reafon  j  for  they  are  lean,  and  contain  no  more 
undluous  matter  in  them  than  fuffices  to  connedl 
the  earthy  parts  whereof  they  confih.  We  find 
likewife  many  examples  of  this  fort  in  other 
kinds  of  bodies.  We  hiall  take  the  birds  as  an 
inhance.  Their  feathers,  though  they  are  ever 
lb  white,  are  not  phofphori.  On  the  contrary, 
their  eggs,  or  rather  the  lliells  of  them,  have  a 
great  deal  of  this  quality.  I  obferved  it  particu¬ 
larly  in  the  oflrich’s  eggs.  But  thefe  indeed  are 
larger,  harder,  and  thicker,  than  any  other  eggs, 
though  there  are  many  as  white.  But  it  is  more 
llrange,  that  in  thofe  eggs  of  that  foreign  bird 
which  they  call  an  emaw^  and  which  are  thick 
and  hard,  but  which  at  the  ,fame  time  have  a 
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number  of  rough  and  dark  fpots  upon  their  fur- 
face  }  and  likewife  that  in  the  eggs  of  many  other 
birds,  which,  though  they  are  white,  have  yet 
a  very  thin  fhell,  there  flaould  be  the  like  phof- 
phoric  quality.  But  the  truth  is,  that  however 
thin  they  may  be,  and  however  fpotted,  yet  their 
conftitution  is  more  earthy,  and  lefs  oleaginous,  than 
the  feathers. 

29.  We  have  now  finidied  our  account  of  fuch 
bodies  as  are  naturally  phofphori.  But  before  we 
proceed  to  the  fecond  branch  of  our  general  di- 
vilion,  namely,  the  artificial  phofphori,  we  {hall 
anfwer  a  few  queflions  that  may  arife  upon  what 
has  been  faid.  And  firft  it  may  be  afked,  in 
what  degree  of  light,  and  for  how  long  a  time, 
thefe  phofphoric  bodies  {hould  be  expofed  to  it  ? 
In  the  next  place,  what  are  the  bounds  beyond 
which  thefe  phofphoric  bodies  cannot  fliine,  and 
within  which  their  qualities  will  not  be  per¬ 
ceptible  ?  We  fhall  next  {hew  how  long  the  light 
may  be  expe6ted  to  continue  in  the  dark  place. 
And  laftly  we  fhall  enquire,  whether  there  is  any 
proportion  or  correfpondence  obferved  amongft 
thefe  fubdances. 

30.  As  to  the  firft  point  I  have  tried  experi¬ 
ments  upon  different  phofphori  in  different  lights. 
They  all  of  them  are  brighteft  in  the  light  of  the 
fun  y  next  to  this,  in  the  clearriefs  of  a  ferene  air  : 
a  cloudy  and  dark  day  affords  the  weakeft  appear¬ 
ances.  The  air  mufl  be  free  and  open  ;  for  many 
phofphori  that  would  afford  a  middling  light  in 
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the  open  air  have  been  quite  dark  when  feen  in 
a  light  that  palles  through  a  glafs  window.  And 
therefore  Homberg,  in  directing  the  manner  of 
making  experiments  upon  the  Bologna  Hone,  fays, 
very  rightly,  that  it  Ihould  be  placed  in  the  open 
air.  For,  if  the  Hones  are  of  a  dull  kind,  and 
not  favourable  to  thefe  experiments,  the  light 
that  comes  through  the  window  will  not  excite 
them  at  all,  or  very  weakly.  Ladly,  it  muH  be 
obferved,  that  the  moH  brilliant  phofphori  hard¬ 
ly  give  any  light  at  all,  though  expofed  to  the 
brighteH  flame.  For  indance,  alabaHer,  which  is 
perhaps  one  of  the  moH  fplendid  phofphori,  if  it 
be  expofed  to  a  large  fire,  will  fcarcely  contract 
fo  much  light  as  may  be  found  in  the  common 
flint  pavement  of  the  Hreets  upon  a  cloudy  day. 
By  which  we  may  underHand  what  a  great  dif¬ 
ference  there  is  in  the  force  of  the  fplendor  be¬ 
tween  thefe  two  kinds  of  light,  which  if  con- 
fidered  feparately,  and  rather  curforily,  may  be 
thought  to  be  a  good  deal  alike,  at  leaH  in  their 
extremities.  For  who  is  there  that,  in  a  dark 
wight,  when  his  eye  is  Hruck  with  a  bright  flame, 
would  not  prefer  that  fplendor  to  the  cloudy  light 
of  a  gloomy  day,  or  would  not  at  leaH  think  it 
as  good  ?  And  yet  how  many  degrees  muH  there 
be  between  thofe  two  extremes  of  the  folar  light, 
and  the  light  of  the  fire,  fince  we  find  that  the 
lirighteH  light  of  the  latter  is  fo  much  inferior 
to  what  is  almoH  the  leaff  light  of  the  former, 
that  the  objedts  expofed  to  each  are  fo  differently 
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enlightened  ?  But  in  truth  our  fenfes  deceive  us 
extremely  in  thefe  matters,  efpecially  when  we 
confider  them  feparately.  Perhaps  it  would  be 
fafer  to  compare  thefe  gradations  of  light  by  the 
application  of  phofphoric  bodies.  Thus  for  in- 
flance  we  might,  without  any  great  danger  of 
error,  determine  that  degree  of  day-light  to  be 
equal  to  the  greateft  brightnefs  of  a  fire,  in  which 
day-light,  alabafter,  or  any  other  body  of  the  fame 
kind,  flvall  be  found  to  fhine  as  brightly  as  in  the 
light  of  a  furnace.  But  this  degree  of  day-light 
is  not  to  be  found  except  towards  the  evening. 

31.  The  time  during  which  bodies  mufi;  be - 
expofed  to  the  light,  in  order  to  make  them  fiiine 
in  the  dark,  is  very  fhort.  Four  feconds,  or  five 
at  the  mofi,  are  generally  fufiicient  for  the  weaked 
phofphori,  and  a  longer  time  is  ufelefs.  But  to  give 

a  middling  and  tranfient  light,  it  is  enough  in  ge¬ 
neral  to  expofe  the  bodies  to  the  light  for  half  a 
fecond,  or  a  third  of  a  fecond  at  mod.  And  I  mud 
obferve  that  this  greedmefs  in  imbibing  the  light, 
which  we  find  in  phofphori,  that  are  not  in  the 
fird,  or  even  in  the  fecond  rank,  is  to  my  ap- 
prehenfion,  much  more  furprifing  than  the  great 
phofphoric  vigour  of  the  Bblogna  done,  which 
has  been  fo  much  admired  by  many  philofophers. 

32.  Thus  much  (hall  fuffice,  as  to  the  light  in 
which  we  place  our  phofphori,  and  the  time 
during  which  they  are  to  continue  in  it.  We 
are  now  to  fpeak  of  the  light  which  they  bring 
with  them  into  the  place  of  obfervation.  And 
as  to  this,  it  may  be  afked,  what  is  the  drength  of 
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'it,  and  how  long  it  continues  ?  But  as  this  is  a 
fubjedt  that  depends  entirely  upon  the  judgment 
of  our  fenfes,  every  body  mud:  fee  how  difficult 
it  is  to  reduce  it  to  any  known  and  certain 
Jdandard.  For  which  reafon  we  ffiall  lay  down 
but  one  general  rule  with  refpedl  to  this  fubjedt, 
and  which  is  the  only  one  that  admits  of  no 
doubt ;  namely,  that  the  light  of  thefe  phofphori 
is  weaker  than  that  of  the  Bologna  done,  and 
even  than  that  of  fine  diamonds.  For  it  is  cer¬ 
tain  that  this  done  may  be  feen  like  a  burning 
coal  even  in  a  moderate  fhade,  and  without  any 
extraordinary  preparation  in  the  obferver’s  eye. 
And  it  is  as  certain,  according  to  Du  Fay’s  ob- 
fervation,  that  diamonds,  in  order  to  be  vifible, 
require  no  greater  darknefs,  nor  any  other  clear- 
nefs  of  fight,  than  what  are  fufficient  to  perceive 
the  light  that  ilfues  from  rubbed  amber.  But 
the  phofphori  in  quedion,  although  they  be  of 
the  mod  fplendid  kind,  and  at  the  height  of  their 
ludre,  do  yet,  to  be  difcerned,  require  that  the  eye 
ffiould  he  more  exquifitely  prepared. 

33.  The  time  of  the  duration  of  the  phofphoric 
,  light  is,  as  we  before  obferved,  not  the  fame  in 
all  bodies.  Some  lofe  their  light  fooner  than 
others ;  but  the  longed  duration  of  it  is  very 
Ihort :  for  I  never  faw  any  that  kept  it’s  light 
more  than  fix  or  at  mod  eight  feconds.  But 
there  are  fome  that  do  not  keep  it  for  two  feconds. 
And  it  is  eafy  for  an  obferver  that  is  not  well  aware 
of  this,  and  ready  in  his  obfervation,  to  midake  thefe 
for  dark  bodies. 
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34*  From  what  has  been  faid  it  may  be  in¬ 
ferred,  that  there  exiils  fome  fort  of  proportion 
between  the  feveral  parts  of  this  fubjedl  :  the 
greater  the  light  is,  the  greater  and  more  durable 
will  be  the  phofphoric  appearance  ^  which  is  con- 
feqiiently  leffened  by  a  fmall  light.  The  fame  ob- 
fervation  holds  with  refpedt  to  the  length  of  time 
during  which  they  are  expofed  to  the  light.  If 
this  be  too  fhort,  the  light  will  be  faint,  and 
foon  go  out ;  therefore  as  much  time  muft  be  al¬ 
lowed  as  is  necelfary  to  faturate  each  body  with 
it’s  juft  quantity  of  light.  »  This,  as  we  have  faid, 
need  not  be  long,  but  it  muft  be  enough  :  the 
duration  of  the  light  is  proportionable  to  the 
force  of  the  light  received ;  confequently  bodies, 
that  have  received  a  brighter  light,  do  not  fo 
foon  become  dark  as  thofe  bodies  that  have  received 
a  weaker  light. 

35.  Having  now  finiflied  what  I  propofed  to  fay 
v/ith  refpedl  to  natural  phofphoric  I  fliall  nov/  pro¬ 
ceed  to  confider  fuch  bodies  as  become  phofphoric 
by  artificial  means,  or  fome  other  accidental 
caufe  j  and  I  fliall  begin  v/ith  fuch  as  are  made 
phofphoric  without  the  application  of  fire.  The 
firft  of  thefe  are  fuch  fubftances  as  are  produced 
by  the  maceration  of  certain  flalks  :  and  liere 
I  mean  principally  fuch  ftalks  as  have  barks  j  or 
fuch  ftalks  as  are  furni fhed  with  fibres  that  are 
long,  folid,  and  flexible  :  the  only  art  ufed  in 
this  cafe  is  to  get  rid  of  whatever  is  vifcous,  tough, 
or  fat.  When  thefe  dirty  parts  are  removed,  the 
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fibres  remain  foft,  fiexible,  and  perfedly  white  : 
they  are  then  pounded,  carded,  fpun,  and  wove. 
And  thus  cloths  are  made,  thofe  beautiful  and 
iil'eful  inventions,  fo  acceptable  to  all  ages  and 
degrees  of  human  life.  But  to  this  ufual  com¬ 
mendation  of  their  utility,  we  mud;  add  their 
great  merit  as  phofphori  of  confderable  rank. 
For  it  mud  be  underdood,  that  although  flax,  of 
hemp,  undergoes  fuch  a  number  of  changes,  by 
heat  in  the  fun’s  light,  by  being  diffolved  in  tva- 
ter,  by  putrefaction,  by  wadiing,  by  bleaching, 
and  fprinkling ;  I  fay,  notwithltanding  all  this, 
the  natural  conditution  and  mixture  of  thefe  bo¬ 
dies  is  not  at  all  corrupted  or  impaired.  For  every 
injury  arifing  from  fo  long  and  laborious  a  procefs 
adeCts  not  the  damina  of  the  plants,  but  their 
juices  only.  It  is  thefe  that  ferment,  that  putrify, 
and  that  are  cleared  away  j  but  the  damina  preferve 
their  drength,  and  their  innate  qualities,  againd 
all  thefe  accidents ;  and  come  out  pofleflbd  of  that 
phofphoric  quality,  which  was  before  opprefled 
^md  weakened  by  the  juices.  But  fince  Nature  has 
formed  not  only  thefe  plants,  but  many,  if  not 
red,  with  the  fame  fort  of  fibres,  I  have 
no  doubt  but  that,  by  a  like  procefs,  other  plants 
^  may  be  brought  to  the  fame  clearnefs  and  bright- 
nefs.  For  fince  the  compofition  and  mode  of  mix- 
ture  are  the  fame  in  all,  as  chymical  refolutions 
us,  w'hy  diould  we  not  attribute  to  them  all 
the  fame  phofphoric  quality?  And  I  have  the 
following  experiment  to  fupport  my  conjecture. 

I  ma- 
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I  macerated  the  fibres  of  the  leaves  of  a  garden 
willow  in  water,  very  flightly,  and  making  up  a 
mafs  of  that  fubftance,  and  placing  it  in  the  day¬ 
light,  I  obferved  upon  it  a  faint  and  tranfient, 
but  at  the  fame  time  a  moft  manifeft,  light.  And 
this  reafon  made  me  obferve  formerly  as  to  ve¬ 
getables,  that  they  ought  not  to  be  fuppofed  to  be 
other  wife  than  phofphori. 

36.  From  linen  macerated,  rubbed,  pounded, 
and  reduced  to  a  fort  of  liquid  pulp,  is  made 
paper  f  a  mofl  ufeful  produeflion,  and  which 
wants  nothing  but  fcarcity  to  entitle  it  to  the 
highefl  compliments.  This  is  alfo  a  phofphorus  ; 
Philofophers  fhould  therefore  hold  it  in  great 
efteem  :  I  am  fure  it  is  entitled  to  my  acknow¬ 
ledgments,  for  it  opened  the  way  to  my  difeovery 
of  this  multitude  of  phofphori.  For  when  I  was 
looking  for  fomething  elfe,  I  accidentally  obferv¬ 
ed  a  piece  of  paper  fliining  with  a  mofl  beautiful 
light.  At  firfl  I  aferibed  it  to  the  whitenefs  of 
it’s  colour,  and  therefore  endeavoured  to  find  the 
like  appearances  in  a  great  number  of  other  white 
bodies.  But  obferving  that  fome  of  thefe  were 
phofphori,  and  others  not ;  and  going  on  in 
this  train  of  obfervations,  <I  at  length  arrived 
at  the  knowledge  of  thofe  things  which  I 
have  already  delivered,  and  am  now  going  to 
purfue.  Paper  then,  after  it  has  been  vexed  by 
this  long  procefs,  retains  that  phofphoric  faculty 
which  it  received  from  it’s  firfl  origin,  and  is, 
therefore,  a  great  proof  of  the  flrength  of  it. 
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Thefe  appearances  are  more  wonderful  in  the  pa¬ 
per,  than  they  are  in  the  linen  out  of  which 
it  is  made ;  inafmuch  as  the  paper  is  more  un¬ 
like  the  ftamina  of  the  plants  from  which  thefe 
two  curious  productions  are  made  ;  for  who  can 
find  in  paper  the  leaft  trace  of  the  original  form 
of  flax  or  hemp  ?  That  whitenefs,  which  is  not 
exceeded  by  that  of  any  other  body ;  that  den- 
fity,  which  is  at  the  fame  time  not  altogether  im¬ 
penetrable  by  wet,  or  light ;  that  flexibility, 
which  is  at  the  fame  time  tenacious  of  folds  f 
it’s  fmoothnefs,  it’s  thinnefs,  and  all  thofe  other 
qualities  that  diflinguifli  it  fo  much  :  what  dif¬ 
ference  is  there  between  thefe  and  that  wet,  foft 
texture,  that  verdure,  fragility,  and  all  the  other 
qualities  of  a  tender  bark  ?  But  if  we  eftimate 
things  not  by  their  outward  appearance,  but  by 
their  internal  conftruClion,  we  fhall  find  that  hu¬ 
man  induftry  has  made  a  very  fmall  alteration,  or 
perhaps  none  at  all,  in  the'  real  vegetable  nature 
of  the  plants,  but  has  only  introduced  a  new  dif- 
pofition  of  the  fenfible  parts.  For  what  do  we 
find  in  the  fibres  of  the  {talks,  from  which  linen, 
and  afterwards  paper,  is  made,  which  thefe  two 
bodies  do  not,  upon  an  accurate  fcrutiny,  difcover 
to  the  induftrious  chymifl,  whofe  art  extends  to 
the  internal  compofition  of  bodies  ?  It  is  well 
known  that  paper,  and  likewife  the  fibres  of 
plants,  from  whence  linen  is  made,  do  afford  in 
the  proper  furnaces,  firfl:  water,’  then  another  li¬ 
quor  of  an  acid  nature,  next  oil ;  at  firfl;  mild, 
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afterwards  acrid  and  more  burnt ;  ladly,  thick 
and  blackidi.  At  the  end  of  the  procefs  is  left  a 
fort  of  coal,  chiefly  of  an  earthy  nature,  black, 
and  poflbfling  an  acrid  tafle,  from  the  intermixture 
of  oil  and  an  alkaline  fait.  From  whence  it 
plainly  appears,  that  in  the  whole  feries  of  thefe 
changes,  although  the  external  form  of  the  bodies 
is  lofl:,  yet  the  infenflble  parts,  and  what  confti- 
tutes  their  natural  and  internal  mixture,  remain 
entire. 

37.  However,  whether  this  phofphoric  quality 
in  the  paper  be  derived  from  it’s  vegetable  origin, 
or  be  occafloned  by  it’s  laborious  manufadlure,  it 
is  yet  fo  fine  a  phofphorus  as  could  not  be  pafled 
over  in  filence  without  fome  lofs  to  natural  philo- 
fophers,  efpecially  as  thefe  particulars  have  not 
been  mentioned  by  any  other  writer.  Much  lefs 
can  I  omit  what  I  afterwards  learned  by  experi¬ 
ments  made  upon  paper  itfelf.  Though  paper  be, 
as  we  obferved  before,  a  confiderable  phofphorus, 
yet  upon  the  application  of  a  moderate  heat,  at 
leafl;  fuch  a  heat  as  does  not  at  all  hurt  it,  the 
paper  will  become  fo  fplendid  as  to  be  in  a  man¬ 
ner  a  new  phofphorus.  1  proved  this  by  two  ex¬ 
periments  :  in  the  firfl:  I  expofed  the  paper  to  the 
fire,  without  the  interpofition  of  any  other  folid 
body ;  in  the  fecond  I  applied  the  fire  by  means 
of  a  folid  heated  body.  The  firfh  experiment 
was  in  this  manner :  I  laid  a  fheet  of  paper  uppn 
a  gridiron,  and  placed  upon  it  a  fquare  flat  tyle 
fo  as  to  prefs  the  paper  clofe  to  the  bars.  Under- 
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ne'ath  were  placed  burning  coals.  When  the 
paper  was  heated  enough,  the  tyle  was  taken  off, 
and  the  paper,  hot  as  it  was,  expofed  to  the 
light,  and  afterwards  removed  into  the  place  of 
obfervation.  It  was  there  a  very  pleaiing  fight  to 
obfervc  the  paper  fhining  with  an  uncommon 
light,  and  to  fee  the  figure  of  the  gridiron  ex- 
prelTed  by  the  mofi;  elegant  mixture  of  fhade  and 
light.  For  in  thofe  places  which  were  freely  ex-r 
pofed  to  the  adtion  of  the  fire,  there  was  the 
brighteft  light ;  but  in  the  other  parts  that  were 
covered  by  the  bars,  and  which  had  only  the  ufual 
quantity  of  light  upon  them,  there  was  the  ap¬ 
pearance  of  fomething  like  darknefs,  which  exhi¬ 
bited  the  outline  of  the  bars  determined  with  the 
greateft  pre(jifion.  The  duration  of  the  light  was 
equal  to"^  it’s  fiirength  ;  for  it  continued  ten  feconds 
at  lead;,  fo  lively,  that  the  reprefentation  of  the 
gridiron  remained  very  difiindt  ;  and  when  the 
appearances  ceafed,  the  paper  was  again  ex¬ 
pofed  to  the  light,  and  being  brought  into  the 
place  of  obfervation,  the  fame  appearances  were 
again  obferved.  This  being  often  repeated,  the 
brightnefs  of  the  image  went  off  by  degrees,  and 
at  length,  after  being  many  times  expofed  to  the 
light,  and  taken  into  the  place  of  obfervation,  they 
at  length  entirely  difappeared,  leaving  the  ufual  light 
of  the  paper  evenly  diffufed  over  every  part  of  it. 

38.  The  fecond  experiment  was  made  in  the 
following  manner :  there  was  a  pretty  thick  plate 
of  brafs,  which  was  made  fo  hot  that  it  could 
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Hardly  be  held  in  the  hand,  but  at  the  fame  time 
would  not  hurt  the  paper.  Being  placed  upon 
the  paper,  and  continued  there  till  the  paper  was 
hot,  it  was  taken  away,  and  the  paper  removed, 
as  ufual,  into  the  place  of  obfervation.  In  the 
part  that  had  touched  the  plate,  it  appeared  of  an 
extraordinary  brightnefs,  and  fhewed  the  figure 
of  the  plate  ■  perfectly  defined  :  the  reif  was  as 
in 'the  former  experiment.  Long  ago  I  made  ano¬ 
ther  trial  of  the  fame  thing,  with  a  view  of  de¬ 
termining  the  duration  of  the  light  received  from 
the  fire.  For  this  purpofe,  having  heated  the 
paper,  by  means  of  the  plate,  in  the  ufual  man¬ 
ner,  I  expofed  it  for  a  few  feconds  to  the  light,  and 
prefently  drew  it  back  again  into  the  dark.  I  re¬ 
peated  thefe  movements  fifty  times, ^  and  found 
that  I  could  clearly  diftinguifh  the  figure  of  the 
plate  every  time.  After  that  there  was  left  a 
very  fmall  light  circum fcribed  by  the  outline  of 
the  former  figure  3  and  foon  after  the  whole  ap¬ 
pearance  was  gone  off  3  and  the  paper,  upon  be¬ 
ing  expofed  to  the  light,  produced  only  that  mo¬ 
derate  and  equable  appearance  which,  was -natural 
to  it. 

39.  But  I  mufi;  mention  one  circumftance, 
namely,  that  when  the  ad\^entitious  light  began 
to  go  off,  I  feveral  times  expofed  the  oppofite  fide 
of  the  paper  to  the  external  light  3  and  as  often 
as  I  did  fo,  I  obferved  *the  figure  of  the  plate  to 
appear  much  brighter  on  that  fide  than  on  the 
upper  one  3  and  yet  the  latter  had  been  in  eontadt 
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with  the  heated  plate,  and  had  been  often  refrefhed 
by  the  external  light.  From  whence  it  may  be 
inferred,  .  that  the  phofphoric  quality,  which  is 
acquired  by  the  applcation  of  fire,  may  in  thefe 
kind  of  phofphori  be  worn  out  and  exhaufted  by 
the  repeated  application  of  light ;  though  this  does 
not  hold  with  refped:  to  the  natural  phofphoric 
power.  This  obfervation  was  made  long  ago  in 
relation  to  the  Bologna  flone  :  as  to  which  it  has 
been  often  laid  down  as  a  rule,  that  in  order  to 
preferve  it  for  a  long  time  fit  for  experiments,  we 
fhould  not  often  produce  it  in  the  open  and  lucid 
air.  But  I  think  it  may  be  proper  to  enquire,  by 
means  of  accurate  experiments,  whether  this  pro¬ 
perty  is  obfervable  in  the  other  phofphori  which 
are  made  fo  by  the  application  of  fire :  for  if  it 
be,  we  fhall  have  another  new  criterion  in  both 
the  kinds  of  phofphori,  that  is  the  natural  and 
artijicialy  which  may  perhaps  affifl  us  in  our  fur¬ 
ther  enquiries. 

40.  Nor  is  it  lefs  remarkable  that  this  bright  ap- 
'  pearance  of  the  plate  was  very  clearly  diftinguifhable, 
though  there  was  no  heat  in  the  paper  perceptible 
-to  the  touch.  And  from  hence  it  is  eafy  to  conclude 
one  of  thefe  two  things,  either  that  the  corpufcles 
of  light,  or  of  that  body  in  which  light  refides, 
continue  much  longer  in  bodies  where  they  are 
fixed  than  the  corpufcles  of  heat:  or  if  we  at¬ 
tribute  an  equal  power  in  this  refpedl  to  each  of 
them,  then  we  may  conclude  that  the  fight  and 
the  touch  do  not  judge  of  their  refped:ive  objed:s 
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with  equal  accuracy :  from  hence  it  may  follow, 
that  one  may  be  ftruck,  when  the  other  is  little  or 
not  at  all  affedted. 

41.  It  will  not  be  difficult  to  propagate  this  lad: 
opinion  amongft  thofe  philofophers  who  maintain 
that  one  and  the  fame  body  of  fire  is  both  heat  and 
light :  that  is,  it  is  heat  when  the  fire  itfelf  is  greatly 
agitated  with  a  variety  of  motion  j  and  that  it  is 
light,  if  the  corpufcles  of  the  fire  are  difpofed  in 
a  certain  feries,  and  being  driven  forward  in  right 
lines,  flrike  upon  the  eye  of  the  obferver.  Thefe 
gentlemen  will  judge  for  themfelves  how  far  my 
experiments  coincide  with  their  opinion..  It  is 
certain  that  they  can  find  nothing  more  likely  to 
change  the  heat  impreffed  upon  the  paper  into  light, 
according  to  their  notion,  than  this  application  of 
the  external  light.  This  light  being  difpofed  in. 
right  lines,  and  thrown  from  the  fliining  body 
by  quick  and  flrong  vibrations,  will  impel,  diredt, 
and  order  the  congenial  matter  which  it  finds  upon 
the  paper.  By  this  means,  that  which  only  affe^ed 
the  touch,  as  heat,  will,  upon  being  excited  by 
other  light,  flrike  upon  the  eye.  In^this  particular,, 
therefore,  they  will  find  thefe  experiments  very 
agreeable  to  their  notion.  But' I  apprehend,  they 
will  not  be  able  to  reconcile  to  their  opinion  that 
certain  and  accurate  definition  of  the  figure  which 
we  have  before  related.  For  we  do  not  fee  how 
that  figure  could  be  fo  exadtly  taken,  or  fo  firmly 
retained,  by  fiery  corpufcles.  For  they  muff  all 
allow  that  it  is  the  nature  of  heat,  or  fire,  to  endea¬ 
vour 
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vour  conflantly  to  expand  itfelf,  and  in  fadl  to  ex¬ 
pand  itielf  every  way.  How  then  can  it  be,  that 
this  reftlefs  and  impatient  fubftance  fhould  remain 
quiet  within  the  outline  of  the  plate  ?  And  if  it 
Ihould  pafs  that,  and  be  diffufed  over  the  reft  of 
the  paper,  and  if  it  fhould  then  be  expofed  to  the 
external  light,  would  it  not  become  all  over  a 
phofphorus  ;  and  either  enlarge  the  image  of  the 
plate,  or  rather  confound  and  obliterate  it  ?  Thefe 
things  fliould  be  well  coniidered  by  thofe  philo- 
fophers  who  choofe  to  try  their  parts  in  this  curious 
inveftigation.  They  fhould  further  be  acquainted, 
that  by  the  heat  of  fire,  not  only  paper,  but  many 
other  bodies,  have  their  phofphoric  light  encreafed  : 
fome  of  them  retain  the  fame  degree  of  ligfit 
which  they  had  before  :  others  have  their  natural 
light  fo  far  weakened,  that  it  would  appear  quite 
extinguifhed  if  it  did  not  revive  upon  removing  the 
adventitious  heat.  But  I  have  not  yet  had  an 
opportunity  to  prepare  fuch  a  number  of.obfer- 
vations  as  might  enable  me  to  digeft  thefe  bodies 
into  certain  kinds :  fo  that  by  comparing  them 
together,  we  might  learn  how  far  they  agree  with 
the  nature  of  fire  and  heat,  or  how  far  they  differ 
from  it. 

42.  But  it  is  now  time  to  treat  of  thofe  phof- 
pliori,  that  become  fuch  by  the  operation  of  fire. 
And  here  it  muft  be  remembered,  that  fuch  a 
degree  of  fire  only  is  required  as  may  affecft  only 
the  external  texture  of  the  bodies,  and  that  in 
a  flight  degree ;  and  not  fuch  as  may  diffolve  or* 
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deflroy  the  internal  confliitution.  Therefore  let 
the  hre  be  no  more  than  fuch  as  may  leave  fome 
traces  of  it’s  operation  upon  the  bodies ;  and  may 
not  change  their  form,  but  leave  them,  in  fadt 
and  name,  fuch  as  they  were  before  :  for  we  do 
not  mean  to  introduce  cinders,  aflres,  or  calx’s, 
but  the  bodies  as  they  were.  Moreover,  thefe 
phofphori  are  not  to  be  produced  by  burning,  but 
only  by  drying,  or  roafting.  And  in  mixed  bo¬ 
dies  we  cannot  road;  the  watery  humour ;  for 
this  eludes  the  force  of  the  fre,  and  becomes 
vapour,  and  returns  again  to  water,  if  properly 
received :  nor  do  we  road  the  faline  or  earthy 
particles,  for  thefe  vitrify,  or  they  dry  up,  or  be¬ 
come  calx’s  :  but  the  oilsy  and  fat  parts,  whicli 
conditute  the  principal  parts  of  the  bodies,  thefe 
are  the  objedls  of  their  roading.  Vegetables  and 
animals  abound  mod  with  thefe  parts.  And  there 
is  great  reafon  to  fuppofe,  that  almod  all  animals 
and  vegetables,  if  properly  roaded,  may  be  brought 
into  this  clafs  of  phofphori.  But  we  mud  trud  to 
obfervations  and  not  to  conjecture.  Therefore,  in 
this  place,  I  diall  relate  nothing  that  is  not  founded 
upon  experiment  ^  referving  other  conliderations 
for  further  trial.  ^ 

43.  The  flefh  of  animals,  if  roaded,  is  a  phof- 
phorus.  I  tried  the  experiment  only  upon  white 
meats,  fuch  as  poultry  :  for  I  was  afraid  to  ven¬ 
ture  upon  brown  meats,  well  knowing  that  the 
light  is  rejected  or  lod  in  them.  Bones  likev/ife, 
which  are  natural  phafphori,  become  brighter, 
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and  of  an  unufual  colour,  by  burning.  Likewifc 
the  ner^vesy  upon  being  roafted  or  dried  by  a  mo¬ 
derate  heat,  become  very  fplendid  and  durable 
phofphori.  And  fmce  almoft  the  whole  animal 
fyflem  confiibs  of  nerves,  and  lince  all  nerves  con¬ 
tain  a  vifcid,  tough,  and  glutinous  matter,  I  did 
imagine,  that  if  animal  glutens  were  roafted,  they 
might  become  good  phofphori  :  and  I  found  my- 
felf  not  miflaken  ;  for  the  common  glue  ufed  by 
joiners,  and  iiinglafs,  become  phofphori  by  roaft- 
ing.  I  was  not  lefs  attentive  to  other  animal 
fubdances.  I  roafted  many  of  them  :  fome  fuc- 
ceeded,  and 'others  did  not.  Feathers  and  hoofs, 
which,  as  was  faid  before,  are  naturally  dark ; 
and  likewife  the  whites  of  eggs ;  though  I  have 
tried  them  feveral  ways,  yet  I  could  never  make 
them  phofphori.  However,  it  is  otherwife  with  the 
ihells  and  the  yolks  :  but  thefe  lad  do  not  be¬ 
come  phofphori  till  they  are  hardened  and  re¬ 
duced  to  a  folid  and  almoft  a  dry  mafs,  by  pref¬ 
ling  out  the  oleaginous  part  :  for  whild  they 
have  that  juice,  they  will  grow  fofter  by  the  ap¬ 
plication  of  fire,  and  not  acquire  that  drynefs 
which  is  requifite  to  make  them  bear  roafiing- 
without  taking  fire.  But  when  they  are  made 
dry,  or  at  leaft  leaner,  by  having  the  oil  taken 
out  by  means  of  a  very  gentle  heat,  and  fuch  an 
one  as  does  not  mark  them  at  all,  they  then  be¬ 
come  phofphori,  and  produce  that  light,  which 
the  abundance  of  the  oily  juice  caufed  to  adhere 
^o  the  bodies,  or  opprefled  and  prevented  from 
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filming  forth.  But  now,  how  comes  it  to  pals 
that  one  part  of  the  egg  fliould  become  a  phof- 
phorns  by  fo  flight  a  procefs,  and  the  other  is  not 
to  be  made  fo  by  any  means  ?  How  comes  it  tliat 
when  Lemery  was  endeavouring  to  make  Hom- 
berg’s  phofphorus,  out  of  each  part  of  the  egg, 
he  found  that  the  yolk  eaflly  anfwered  his  pur- 
pofe,  but  could  do  nothing  with  the  white  r 
Thefe  are  flrange  effecfts  inj  thefe  bodies  :  what 
connedion  is  there  between  thefe  phofphori  of 
mine,  and  that  of  Homberg  ?  Is  it  not  flirange 
that  the  fame  fubfiances,  which  remained  dark, 
or  become  phofphoric  when  expofed  to  the  light, 
Ihould,  in  his  experiment,  be  not  at  all  affeded 
by  the  contad  of  the  air,  or  fliould,  on  the  con¬ 
trary,  be  fet  on  fire  by  the  air,  and  blaze  ?  In 
truth,  this  is  a  new  field  of  meditation  and  en¬ 
quiry.  But  I  have  no  time  at  prefent  to  enter 
into  it,  nor  does  it  fall  within  the  compafs 
of  this  work :  for  I  am  now  giving  an  account 
of  experiments,  and  not  debating  upon  philofo- 
phical  queflions.  To  return  j  I  mufl:  obferve,  that 
in  this  enquiry  concerning  animal  fubflances,  I 
made  feveral  experiments  upon  milk.  For  being 
perfuaded,  that  white  bodiesi  were  in  a  fingular 
manner  adapted  to  thefe  appearances,  I  could  not 
help  trying  experiments  upon  milk  and  fnow,  and 
other  very  white  bodies.  But  I  had  no  fuccefs  in 
the  firfl:  two.  As  to  the  milk,  I  afcribe  my  ill 
fuccefs  to  it’s  fluidity  :  and  as  to  the  fnow,  I 
thought  that  fome  other  qualities,  which  need 
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not  now  be  mentioned,  had  difappointed  me  :  for 
in  reafoning  upon  abftrufe  and  new  fubjedts,  we 
are  apt  to  think  in  a  very  confufed  manner.  How¬ 
ever,  whether  this  conjedture  about  the  milk  was 
well  or  ill  founded,  I  ftill  continued  to  make  ex¬ 
periments  upon  it.  For  I  could  not  help  think¬ 
ing,  that  there  were  fome  qualities  in  milk,, 
which,  upon  being  properly  managed,  would 
make  it  become  a  phofphorus.  I  knew,  for  in- 
ftance,  that  it  contains  fome  very  vifcid  parts, 
which  is  a  circumftance  well  known  to  many  ar¬ 
tificers,  who  make  a  very  drong  and  ufeful  glue 
out  of  cheefe  well  wafhed  and  pounded  with  quick¬ 
lime.  I  therefore  conjedlured,  that  cheefe  well 
dried,  and  toafted,  would  afford  a  good  phofphorus  : 
and  I  found  my  conjedlure  to  be  right. 

44.  The  fame  procefs,  which  has  fo  much  in- 
creafed  the  number  of  animal  phofphori,  may  be 
applied  with  the  like  fuccefs  to  vegetables.  The 
gums  make  the  greateft  figure  in  this  refpedt,  the 
gum  arabic  in  particular  ;  after  that,  the  gum  tra- 
gacanth  3  myrrh  likewife  affords  fome  light, 
though  mixed  with  a  dark  hue  ;  which  lafl  may 
be  owing  to  the  marks  of  the  fire,  for  it  is  dif¬ 
ficult  to  avoid  them.  However,  the  greateff  care 
muft  be  ufed  in  applying  the  fire  to  prevent  any 
mark  of  burning,  and  that  the  bodies  may  be 
dried  only.  It  is  ufual  for  the  gums  to  fwell  upon 
being  expofed  to  the  fire ;  which  is  caufed  by  the 
obfirudtion  v/hich  the  inclofed  humour  meets  - 
with  from  the  vifcous  and  tough  covering.  For 
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which  reafon  a  very  gentle  heat  mufl  be  kept  up, 
fo  that  the  watery  parts  may  be  infen fibly  and 
eafily  evaporated.  By  this  means  the  body  will 
be  left  dry,  and  as  it  were  cartilaginous,  and  will 
have  it’s  phofphoric  qualities  in  proportion  to  it’s 
whitenefs.  With'  the  fame  attention  we  fhould 
roaft  all  kinds  of  nuts,  pulfes,  grains,  and  flour 
of  wheat,  if  we  would  have  good  phofphorL 
Th«fe  bodies  in  drying,  if  they  be  white, 
fhould  be  brought  to  a  very  flight  yellow ;  or,  if 
they  are  naturally  yellow,  as  many  are,  they  mufl: 
then  be  made  of  a  faint  red.  This  obfervation 
particularly  relates  to  pulfes,  which,  if  dried  in 
this  manner,  become  brittle,  and  are  eaiily  ground. 
And  by  thefe  marks  we  may  know  when  bodies 
are  properly  prepared.  In  fhort,  by  this  flight 
procefs,  I  have  found  very  fine  phofphori  in  al¬ 
monds,  in  the  fruit  of  chefnut  trees,  beans, 
vetches,  peas,  oats,  and  wheat ;  in  a  word,  in 
every  kind  of  grain  that  I  happened  to  think  of : 
and  fince  I  have  obferved  that  all  the  experiments 
fucceeded  well,  when  tried  upon  all  thefe  bodies 
indifcriminately,  I  thought  proper  to  give  over, 
for  I  faw  there  would  be  no  end  of  the  fubftances 
of  this  kind  that  are  phofphori.  Amongfl:  other 
experiments,  I  mufl:  not  omit  thofe  that  were  made 
upon  that  grain  that  is  now  fo  fafhionable  in 
Europe.  I  do  this  the  rather,  becaufe  coffee;^^. 
which  is  what  is  meant,  does  not  belong  to  any 
of  the  clalTes  of  vegetables  before-mentioned,  but- 
clearly  a,  different  qne.  For  it  is  not  a  fpecies  of 
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the  bean,  but,  according  to  JeJjicu,  is  the  feed  of 
a  tree  which  belongs  to  the  genus  of  jedamines : 
this  feed,  therefore,  when  moderately  burnt,  and 
not  roaded  as  it  is  for  drinking,  affords  a  reddilh 
dark  light,  altogether  unlike  that  which  true  pull'es 
afford  :  by  which  it  clearly  appears,  that  the  natu¬ 
ral  conftitution  of  bodies  has  a  great  fliare  in  cauf- 
ing  this  difference  of  light.  '  ' 

45.  I  fhall  juft  mention  fome  experiments  that 
have  been  made  upon  bread.  This  body  holds  a 
confiderahle  rank  amongft  thefe  phofphori ;  nor 
does  it  require  any  other  procefs  than  that  whereby 
it  is  made  bread  out  of  meal  or  pafte.  For  the 
kneading  and  the  concodlion,  which  make  it 
bread,  do  likewife  make  it  a  phofphorus.  It 
fhines  moft  in  thofe  places  that  are  leaft  baked, 
and  inclines  more  to  white  than  red.  The  crumb 
of  bread,  not  toafted,  is  dark  ;  but,  upon  being 
toafted  at  a  gentle  fire,  fo  as  to  be  juft  yellow,  it 
becomes  bright,  and  for  the  moft  part  brighter  at 
the  extremities  and  angles  than  in  other  places. 
Obferve  therefore  by  how  eafy  a  change  meal, 
which  is  naturally  dark,  becomes  phofphoric. 
But  there  is  another  phofphorus  made  from  the 
fame  materials  by  a  much  flighter  change ;  it  is 
not  indeed  fo  fplendid  as  bread,  but  it  is  a  mani- 
feft  phofphorus.  It  is  well  known  that  wafers 
are  made  out  of  meal  diluted  with  a  great  deal  of 
water  like  a  liquid  glue,  and  dried  upon  hot  iron 
plates.  It  is  ufual  to  colour  them  with  red, 
otherwife  they  are  perfectly  white,  which  ftiews 
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that  the  meal  Has  fuffered  nothing  by  the  heat  of 
the  plates.  Thefe  wafers  are  good  phofphori,  but 
^at  quality  is  increafed  by  heating  them,  as  was 
before  obferved  with  refpe(fl  to  paper. 

46.  Hitherto  we  have  treated  of  fuch  phofphori 
as  are  produced  by  fuch  a  force  of  fire  as  fcarce 
makes  any  fenfible  alteration  in  the  bodies.  But  a 
greater  force  of  fire  mufi:  be  applied,  even  fo  great,  as 
to  difiblve,  and  fet  at  liberty,  one  or  more  of  the 
elements  of  the  body,  in  order  to  give  this  quality 
to  thofe  fubftances  of  which  we  fhall  now  treat.  We 
fhall  mention  in  the  firfi:  place  certain  refins.  Thefe 
mufi:  firfi;  part  with  an  acid  liquor;  and  then  with 
that  oil,  which,  on  account  of  it’s  fubtility,  is  called 
aBtherial.  After  this  procefs  there  will  remain  a 
certain  folid  tranfparent  brittle  mafs,  fmooth  as 
glafs,  and  pofiTelTing  the  attractive  quality  of  amber. 
This  is  called  colophonia,  upon  account  of  it’s 
likenefs  to  the  refin  of  that  name.  This  is  a 
phofphorus ;  but  I  cannot  fay  that  all  refins,  when 
treated  in  this  manner,  do  become  phofphori  ; 
fince  I  have  obferved  it  only  in  the  pine  refin,  in 
amber,  and  in  turpentine.  But  I  do  not  defpair 
of  bringing  many  other  refins  into  this  clafs,  either 
by  fome  particular  procefs,  or^perhaps  by  the  proper 
application  of  fire.  In  truth,  whenever  I  have 
been  preparing  the  above  mentioned  refins,  I  have 
confiiantly  found,  that  the  proper  management  of 
the  fire  was  the  great  point  of  the  work.  For 
there  is  a  certain  meafure  in  drying  and  concoCling 
them,  of  which,  if  the  operation  falls  fliort,  they 
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ftill  remain  dark  :  and  if  it  be  exceeded,  they 
lofe  the  phofphoric  power.  ThereM-e  they  muft 
be  treated  with  fo  gentle  a  heat  as  to  concodt  them; 
and  riot  fo  great  a  one  as  to  make  them  begin  to 
burn.  And  I  have  found  by  experience  that  this 
meafure  may  be  known  by  the  colour  of  the  oil 
that  iffues  out.  For  it  is  at  firif  white,  and  when 


it  begins  to  turn  yellow,  we  may  know  that  wo 
immediately  flop ;  or  the  procefs  will  not 
^^^r^^^<«^C*«-^ucceed.  For  this  change  of  the  colour  drews,  that 
fir-, the  oleaginous  part  of  the  relin  is  beginning  to 
rrv^^.be  too  much  burnt.  And  this  agrees  with  what 
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was  before  obferved  concerning  the  heating  of  other 
4Ai^fZ<»-».^p)odies :  wherein  we  fhewed  that  the  colour  was  the 
rule  to  go  by  in  the  application  of  the  fire.  And 
perhaps,  after  all,  there  may  be  found  out  fome 
one  fingle  method  for  the  preparation  of  all  thefe 
phofphori :  nay,  perhaps  there  is  fome  principle  in 
them,  upon  which  the  fire  adls  in  the  preparation, 
and  the  light,  after  they  become  phofphori.  Cer¬ 
tainly,  in  mixed  bodies,  it  is  the  oleaginous  part 
that  is  principally  concerned  in  bearing  the  fire 
whilfi:  they  arc  roalfed  or  dried.  But  they  cannot 
be  dried  unlefs  the  mod;  fubtile  parts  of  them  be 
evaporated  ;  much  lefs  can  they  be  roafted.  There¬ 
fore,  if  we  allow  that  the  turpentine  refin,  whilfi: 
we  are  concodting  it,  and  condenfing  it  into  a 
colophonia  by  means  of  a  heat  not  greater  than 
boiling-water,  fends  forth  an  acid  liquor,  and  a 
thin  oil :  if  this  is  the  cafe,  may  we  not  imagine 
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tliat  glutens,  leguminous  and  frumentaceous  grains, 
together  with  meal,  and  ’  other  bodies  of  that 
nature,  when  roafled  by  a  heat  full  as  great, 
do  likewife  fend  forth  certain  very  fubtile  vapours 
of  the  fame  kind  :  and  may  it  not  be  imagined 
that  the  oil,  which  is  left  in  tbefe  bodies,  is  con- 
denfed,  and  made  folid,  in  the  manner  of  a  very 
thin  coiophonia?  Befides,  other  arguments  might  be 
produced  if  there  were  occafion,  or  if  it  had  come 
within  the  compafs  of  this  work.  But  I  flaall 
referve  thefe  for  another  opportunity  :  for  I  am 
in  hopes  that,  by  fome  procefs  or  other,  all  refins, 
and  every  body  of  an  undtuous  nature,  may  be 
made  phofphoric.  And  if  1  do  this,  which  has  in 
fadt  already  fucceeded  with  refpedl  to  many  fub- 
iiances  that  are  not  already  phorphoric,  but  have 
become  fuch  upon  being  dried,  we  flaall  then  find 
that  our  enquiries  upon  this  fubjedl  will  be  much 
clearer  and  fafer. 

47.  And  now  we  mu  ft  fpeak  of  thofe  particulars 
wherein  thefe  artificial  phofphori  difter  from  the 
natural.  But  v/e  muft  firft  make  proper  diftindlions 
amongft  the  artificial  phofphori ;  otherv/ife  we  (hall 
miftake  for  general  properties  fuch  as  relate  only  to 
a  few  of  them.  Some  of  then),  as  we  have  before 
obferved,  become  phofphori  without  the  application 
of  fire  ;  as  linen  and  hempen  cloths  and  paper  : 
there  are  others  which  have  no  fenfible  alteration 
by  fire,  as  wafers  :  and  a  third  fort  of  bodies  be¬ 
come  phofphori  in  confequence  of  fome  change 
produced  by  fire.  And  this  change  either  aftedls 
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the  conftitLitlon  of  them,  liglitly  and  fuperficially, 
or  it  afFed:s  their  interior  difpofition,  and  entirely 
deftroys  their  conftitution.  'Fhe  former  of  thefe 
happens  with  rerpe(fl:  to  bodies  that  are  roafted  ; 
and  the  latter  is  the  cafe  of  fuch  bodies  as  are 
burnt,  or,  having  been  firft  dilTolved,  after  Baldwyn’s 
method,  by  the  force  of  corroding  liquors,  are 
then  made  very  hot.  Such  bodies  therefore 
as  become  phofphori  by  maceration,  or  other 
like  caufe,  and  not  by  means  of  fire,  are  in  every 
particular  the  fame  as  natural  phofphori.  But  the 
phofphori  that  are  produced  by  fire  have  many 
things  quite  fingular.  This  does  not  extend  to 
the  kind  of  light  to  be  imbibed ;  for  in  this  re- 
fpe^l,  and  the  eafinefs  of  being  excited,  they 
refemble  natural  phofphori  :  but  thefe  particulars 
confift  in  the  nature  of  their  phofphoric  power, 
which  they  derive  from  the  fire,  and  in  the  kind  of 
light  which  they  exhibit. 

48.  With  refped;  to  the  phofphoric  power,  we 
muft  ufe  fome  diftindtion  in  order  to  explain,  and 
fet  in  a  proper  light,  the  feveral  varying  circum- 
flances,  which  are  confiderable.  It  mufi;  be  ob- 
ferved,  in  the  firfl  place,  that  thefe  artificial  phof¬ 
phori,  which  are  prepared  by  roaffing,  do  in  time 
lb  entirely  lofe  that  phofphoric  power  which  they 
derived  from  the  fire,  as  to  return  to  their  origi¬ 
nal  darknefs ;  this  is  entirely  different  from  the 
conflant  and  perpetual  exiflence  obferved  in  the 
natural  phofphori,  which  refills  all  force,  and 
perhaps  will  furvive  after  the  entire  diffolution  of 
9  their 
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tlieir  fabric.  But  fuch  bodies  as  become  pliof- 
phoric  by  burning  only,  or  by  Baldwyn’s  procefs, 
feem  to  contain  a  double  phofphoric  power  :  one 
of  thefe  is  lively,  and  in  many  refpeds  like  that 
which  is  found  in  roafted  bodies ;  the  other  is 
weaker,  and  not  much  unlike  what  we  fee  in  na¬ 
tural  phofphori.  The  former  of  thefe,  which 
immediately  after  the  procefs  was  bright  and  vi¬ 
vid,  does  not  long  continue  fo ;  but,  like  the 
roafted  phofphori,  goes  off  by  flow  degrees,  and 
is  at  lafi:  entirely  loft  :  but  the  fecond  kind  of 
light,  if  we  may  guefs  at  the  future  by  what  we 
have  already  obferved,  will  always  laft.  The 
afhes,  or  rather  the  moft  fubtile  earthy  particles 
that  remain  in  the  lixivium  of  burnt  plants,  have 
been  found  after  many  years  to  be  very  confi- 
derable  phofphori.  I  have  likewife  obferved, 
that  concretions  of  falts,  formed  fpontaneoufly  in 
thefe  lixivia,  by  being  kept  a  good  while  in  a  warm 
place,  and  which  are  equal  to  the  famous  Glauber 
falts  ;  and  likewife  that  the  falts,  which  are  ex¬ 
tracted  from  afhes  burnt  with  common  fulphur 
to  a  white  powder,  are  very  bright  phofphori, 
after  being  kept  for  a  great  number  of  years. 
Therefore  the  phofphoric  power,  arifing  from 
fire,  does  in  burnt  bodies  end  in  a  fmaller  degree 
of  power,  but  fuch  a  one,  as  appears  likely  to  be 
perpetual  ;  whereas  in  roafted  bodies,  the  power 
is  not  only  leftened  in  a  much  fliorter  time  than 
in  the  foregoing,  but  feems  to  be  altogether  ex- 
tinguifhed.  But  the  duration  of  it  is  not  the 
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fame  in  all  of  them.  The  gum  arable  continued 
for  fix  days  at  mofl: ;  bread  did  not  lafl  one  day ; 
and  cofjee  but  a  few  minutes. 

49.  And  as  this  virtue  is  foon  loft,  fo  it  may 
be  fpeediiy  and  eafily  reftored.  It  is  enough  to 
warm  thefe  languid,  or  rather  cxtindl,  phofphori ; 
for  there  is  no  occafion  to  roaft  them  much. 
By  this  means  the  loft  virtue  revives.  In  this 
refpeif  they  refembie  the  Bologna  phofpho- 
rus,  and  other  fubftances  prepared  in  the  fame 
manner.  But  how  often  this  may  be  repeated, 
and  the  phofphoric  power  reftored,  I  do  not 
know,  for  I  have  not  tried  it ;  nor  does  it  appear 
that  it  has  been  tried  by  any  body  upon  our  ftone, 
or  by  Du  Fay  upon  his  phofphori  :  for  which 
reafon  I  hope  to  be  excufed  for  the  omiflion  of 
this  particular,  which  is  certainly  of  fome  confe- 
quence :  or  rather  I  beg  leave  to  defer  it,  toge¬ 
ther  with  m.any  other  particulars,  to  fome  other 
opportunity. 

50.  In  the  mean  time,  I  muft  mention  fomc’- 
thing  which  I  conftantly  obferved  with  refpedl  to 
the  phofphoric  power  of  roafted  fubftances. 
They  do  not  difeover  this  quality  immediately 
upon  being  taken  from  the  jfire.  You.  muft  firft 
fufter  fome  part  of  the  heat  to  go  oft' }  the  virtue 
acquired  from  the  fire  grows  ftronger  as  the  body 
grows  colder  :  fo  that  heat  feems  to  be  oppofite  to 
this  quality.  In  this  refpedf  likewife  thefe  phof¬ 
phori  refembie  that  of  Bologna,  which,  when 
hot,  do«s  not  exert  this  quality.:  and  even  though 
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it  be  not  hot,  yet,  if  it  be  newly  prepared,  and 
not  ufed  to  the  light,  it  will  perform  but  indif- 
^  ferently. 

51.  And  thefe  are  the  principal  points  wherein 
the  phofphoric  power  acquired  by  fire  differs  from 
the  natural ;  but  the  artificial  phofphori,  and  the 
natural,  differ  likewife  in  the  appearance  of 
the  light  itl'elf :  for  the  artificial  exhibit  a  brighter 
light,  but  which  is  reddifh,  and  fometimes  dark  ; 
they  likev/ife  retain  the  light  fomev/hat  longer; 
but  the  natural  phofphori  have  a  light  that  is  of  a 
whiter  kind,  or  tinged  with  a  tender  yellow,  and 
they  lofe  their  light  fooner.  But  thefe  appear¬ 
ances  are  not  fo  conflant,  nor  fo  general,  as  not 
to  afibrd  a  great  deal  of  variety.  For  there  are 
fome  natural  phofphori  that  have  a  very  bright 
and  durable  light ;  and  by  this  means  firfl  occa- 
iion  themlelves  to  be  obferved  by  the  philofophers. 
There  are  others,  for  inllance,  the  lapis  lazuli, 
which  afford  a  reddifh  light ;  and  laflly,  amongfl 
the  artificial  phofphori,  the  Colophonian  turpen¬ 
tine  (which,  according, to  the  mature  of  this  kind 
of  body,  produces  a  light  which  is  rather  flrong 
and  durable  ;)  does  iikewife  preftrve  it’s  phofpho¬ 
ric  quality  for  many  years  ;  which  in  this  .fort  of 
body  is  fingular.  But  there  ale  very  few,  confider- 
ing  to  what  numerous  kinds  they  belong ;  and,  in 
fo  great  a  number,  no  regard  is  to  be  paid  to -the 
appearance  of  a  few  individuals,  _ 

52.  Since  therefore  that  phofphoric  power 
which  is  naturally  produced,  or  at  leaffc  not  by 
the.  force  of  fire,  and  likewife  that  phofphorus 
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which  is  found  in  antient  calxes,  are  endued  with 
qualities  differing  from  thofe  that  are  found  in 
roafted  bodies,,  or  bodies,  newly  burnt;  it  may 
hence  be  eafily  fufpedled,  that  there  are  tv/o 
fpecies  of  this  povv^er.  Tliis  conjedture  will  be 
ftrengthened,  if  it  fliall  appear,  that  each  fpecies 
is  founded  upon  certain  and  definite  qualities. 
And,  in  truth,  the  phofphorus  in  bodies  roafied-or 
newly  burnt,  feems  to  be  fixed  in  it’s  oily,  or,  as 
the  chymifis  call  it,  it’s  fulphureous  principle. 
For  we  have  already  fliewn,  that  this  principle  is 
more  adapted  to  roafiing  than  any  of  it’s  other  ; 
and  many  bodies  newly  burnt,  make  this  notion 
very  probable,  by  the  fulphureous  odour  exhaled 
from  them.  But  the  phofphorus  of  natural  bo¬ 
dies,  or  of  bodies  that  have  only  undergone  77id- 
ceratiorii  or  fuch  like  change ;  and  likewife  the 
phofphoric  power  of  ancient  calxes,  if  they  refide 
in  any  element  in  particular,  may  well  be  fup- 
pofed  to  be  fixed  in  the  earthy  element.  For  bo¬ 
dies,  which  are  phofphori  naturally,  and  without 
any  preparation,  do,  for  the  mofi:  part,  upon  be¬ 
ing  burnt,  become  calxes ;  and  have  therefore  a 
great  deal  of  earth  and  of  lime,  or  rather  limifii 
matter,  in  their  compofition.  By  maceration  the 
fatter  parts  of  mixed  bodies  are  preffed  out  ;  confe- 
quently  the  earthy  parts  remain  drier,  and  more 
Iblid  :  mofi:  certainly  they  are  relieved  from  that 
matter  which  principally  obftrudts  their  phof¬ 
phoric  qualities.  Laftly,  in  ancient  calxes  this 
earth  feems  to  remain  pure  and  uncorrupted ;  and 
being  entirely  fixed,  and  of  the  mofi:  unchange¬ 
able 
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able  nature,  it  naturally  affords,  more  than  any 
other  body,  thofe  conhant  and  perpetual  appear¬ 
ances  that  are  mentioned  before.  But  it  is  quite 
otherwife  with  refpedl  to  falts  and  fulphur.  Saits 
very  eafily  fuffer  damage  by  the  air,  by  moifture, 
and  by  the  prevalence  of  oppofite  falts  ;  fulphur, 
on  the  other  hand,  very  eafily  frees  itfelf  from 
any  foreign  mixture,  and  is  eafily  dillipated  by 
any  flight  agitation,  being  naturally  a  very  light 
fubifance.  This  being  the  cafe,  it  is  not  at  all 
ftrange  that  fulphur  does  not  continue  long  in 
bodies  :  but  whilfl  it  does  continue,  the  phof- 
phoric  power,  which  adheres  to  it,  and  is  by  that 
means  vifible  in  frefh  calxes,-  remains  entire  and 
unchanged  :  but  when  the  fulphur  flies  off,  and 
is  at  lafl  deflroyed  by  time,  then  the  phofphoric 
power  is  alfo  by  degrees  weakened  and  con- 
fumed. 

53.  For  thefe  reafons  it  may  be  eafily  concluded 
that  there  are  two  fpecies  of  the  phofphoric  quality: 
and  if  we  give  them  their  names  from  thofe  bodies 
in  which  they  are  mod;  remarkable,  we  fliould  call 
one  of  them  the  phofphorifm  of  earthy  bodies  or 
lirne-fton<’-y  and  the  other,  the  oleaginous  or  fulphur  eons 
phofphorifn :  following  in  this^refpedd  the  example 
of  elecftricitv,  one  fpecies  of  which  is  for  a  like., 
reafon  called  vitreous ^  and  the  other  refnoiis.- 
However,  I  have. a  fufpicion  that  both  thefe  phof— 
phoric  qualities  have  one  and  the  fame  principle,, 
wherein  they  both  agree,  and  Vv^hich  is  not  very 
complicated.  And  if  I  could  fuifer  myfelf  to 
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purfuc  this  train  of  fpeciilation,  I  might  perhaj^s 
imagine,  that  not  only  thefe  forces,  which  in  dif¬ 
ferent  fubflances  feeni  fo  various,  but  likewife 
others  which  appear  full  as  different,  might  all  be 
properly  refolved  into  one  general  and  common 
principle  ;  or  that  at  lead  there  is  fonre  fecret  con- 
nedtion  and  agreement  amongfl  all  of  them,  in 
this  I  fliould  imitate  feveral  pbiiofophers  of  the  great* 
ed  fagacity,  who  have  entertained  fufpicions  con¬ 
cerning  a  like  connection  between  many  properties, 
that  appear  very  different,  founded  upon  reafons  not 
much  dronger  than  mine.  What,  for  indance,  can 
have  lefs  connection  with  the  eleCtric  power,  or 
with  light,  than  dew  ?  And  yet  there  are  phi- 
lofophers  wdio  have  fuppofed,  becaiife,  of  all 
bodies,  metals  only  cannot  be  made  cledtric  nor 
phofphoric,  nor  can  be  wetted  by  noCturnal  vapours 
of  a  ferene  air ;  that  for  thefe  reafons  the  three 
accidents  above  named  either  have  one  common 
nature,  or  at  lead  fome  connection  not  yet  dif- 
covered.  And  why  diould  not  this  fufpicion  appear 
probable  to  me,  w'ho  have  feen  by  experiment 
that  metals  cannot  be  made  phofphoric  ?  But  we 
mud  leave  thefe  conjectures  :  efpecially  dnce  I 
have  fome  hopes,  that,  at  fome  time  or-other,  they 
may  be  made  phofphoric.  Perhaps  this  may  be  ob¬ 
tained  by  fome  common  and  obvious  preparation ; 
which,  for  that  very  reafon,  has  never  yet  been 
thought  of.  And,  indeed,  I  fufpeCt  that  the  pre¬ 
paration  of  Helmont’s  flint,  mentioned  in  the  be¬ 
ginning,  remains  at  this  day  unknown,  for  that 
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reafbn  only  ;  for  who  would  imagine  that  by 
burning  only,  that  ftone  might  be  made  a  phofpho- 
rus,  which  bears  the  heat  of  the  fire,  fo  as  to 
vitrify,  rather  than  be  turned  into  a  true  calx  ? 
And  yet  a  fiione  of  this  fort  may  be  burned  in 
the  potters  furnaces  till  it  becomes  white  and 
brittle,  and  fo  good  a  phofphorus,  as  to  catch  the 
light  very  eagerly,  and  keep  it  for  a  long  time. 
And  that  no  one  may  be  milled  by  that  appearance 
of  brittlenefs  and  whitenefs,  it  is  proper  to  inform 
them,  that  this  Hone,  fo  burned,  cannot  be  dif- 
folved  by  liquids,  or  adted  upon  by  corroding 
liquors:  by  which  it  plainly  appears,  as  was  juft 
now  faid,  that  it  differs  very  much  from  the  nature 
of  .a  true  calx.  Thferefore  perhaps  metals,  by  fome 
eafy  procefs,  which  may  at  this  time  be  not  un¬ 
known,  may  have  thofe  qualities  which  more 
laborious  procelfes  have  not  yet  produced.  I  have 
obferved  that  the  fait,  which  is  a  concretion  of  ceriis 
dilfolved  in  fpirit  of  vinegar,  and  is  ufually  called 
fait,  or  fugar  of  faturn,  is  a  weak  phofphorus,  but 
a  very  vifible  one  :  but  for  this  purpofe  it  muft  be 
kept  dry,  and  not  be  fo  old  as  to  have  loft  it’s 
tranfpa’*ency.  To  this  clafs  we  muft  refer  that 
orey  fubftance  which  is  found  in  fmiths  furnaces, 
and  is  commonly  called  tutty.  This  body  is  ufually 
ranked  amongft  metallic  fubftances,  and  very  pro¬ 
perly  j  for  it  arifes  from  the  vapour  which  many 
minerals  and  fome  metals  throw  out  when  they 
are  fufed.  Thefe  vapours  flying  upwards,  adhere 
to  iron  rods  fixed  at  the  top  of  the  furnaces  : 
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covering  them  with  incruftations  of  an  afh  colour,' 
and  fometimes  of  an  azure  colour :  thefe  incrufta- 
tions  are  like  the  barks  of  trees,  fmooth  and  hollow 
on  the  inlide,  but  on  the  outlide  rough  and  granu¬ 
lated,  .  and  with  a  convex  furface  :  fo  that  by  the 
form,  it  is  plainly  feen  that  they  have  grown  to  ob¬ 
long  and  round  bodies.  The  tutty  thereforej  when 
expofed  to  the  light,  is  a  ftrong,  red,  and  lading 
phofphorus.  But,  what  is  very  wonderful,  this 
quality  is  confined  only  to  the  convex  part,  which, 
as  we  faid  before,  is  rough,  and  does  not  extend  to 
the  concave  part,  which  is  fmooth,  or  at  lead  not 
altogether  unpolidied.  I  do  not  mention  in  this 
place  other  refufe  of  metals,  fuch  as  the  flowers, 
as  they  are  called,  and  the  calxes  ;  which,  though 
they  have  fome  phofphoric  appearances,  yet  it  is 
uncertain  whether  thefe  are  to  be  afcribed  to  the 
metallic  parts,  or  to  fuch  earthy  and  faline  mix¬ 
tures,  as  thefe  concretions  are  by  every  body  dip-- 
pofed  to  contain. 

54.  I  diall  therefore  for  the  prefent  lay  afide  all 
thoughts  of  making  metals  phofphori,  and  fhall 
apply  myfelf  to  confider  that"  property  of  the 
tutty  which'  was  jud  now  mentioned,  namely, 
that  it’s  rough  furface  is  a  bright  phofphorus, 
whild  the  fmooth  and  hollow  furface  is  for  the 
mod  part  dark.  This  circumdance  would  not  be 
very  material,  if  it  did  not  fall  in  with  other  ob- 
fervations  :  but,  where  that  happens,  it  is  not 
Ihfe  to  overlook  any  thing.  I  have  feen  fome  fpe- 
cimens  of  marble  that  would  not  be  phofphori,  or 
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at  leaft  would  throw  off  the  light  to  the  extremi¬ 
ties  fo  long  as  they  continued  polilhed  ;  but,  upon 
lofing  the  brightnefs  of  the  polilh,  became  good 
phofphori.  If,  therefore,  we  may  have  leave  to 
venture  a  conjecture,  we  may  fay,  that  furfaces  are 
either  phofphoric  or  not,  according  to  their  difpo- 
htion  to  reflect  the  light.  And  if  this  be  the  cale 
with  refpeCt  to  refieSiiony  why  fhould  it  not  with 
refpeCt  to  refraStiofi  alfo  ?  the  reafon  feems  the 
fame,  but  the  queftion  mufl  be  determined  by 
experiments :  I'  intend  to  make  many  for  this 
purpofe ;  but,  as  J  have  not  at  this  time  proper 
opportunity,  I  muff  content  myfelf  with  relating 
one  or  two  that  feem  relative  to  the  prefent  pur¬ 
pofe.  I  expofed  a  glafs  bottle  full  of  pump  water 
to.  the  light,  and  then  removed  it  into  the  place 
of  obfervation.  I  found  it,  as  I  expeCled,  quite 
dark.  I  then  put  in  a  few  drops  of  oil  of  tartar. 
The  water  immediately  became  turbid,  and  of  a 
whitifli  colour^  for  this  is  the  nature  of  fpring 
water,  which  abounds  with  chalky  earth.  It  was 
again  brought  into  the  place  of  obfervation. 
Appearances  Were  then  changed ;  for  it  exhibited 
a  pale  light,  fuflicient  to  diflinguifli  the  form  of 
the  bottle.  Inftead  of  the  fpring  water,  was  fub- 
ffituted  rain  water,  wherein  fome  lapis  fpecularis 
had  been  diffolved  :  it  is  the  property  of  this  ftone, 
that,  being  powdered  and  thrown  into  water,  it 
diffolves  like  fait,  and  does  not  hinder  the  tranfpa- 
rency  of  the  water.  When  the  water  was  fatu- 
rated  with  this  powder,  a  quantity  of  oil  of  tartar 
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wa^  again  put  In,  and  the  event  of  the  experi¬ 
ment  was  the  fame.  Thus  we  fee,  that  earthy 
corpufcles,  whilft  they  continue  very  fmall,  difli- 
pated,  and  perfectly  tranfparent,  and  whilft  their 
furfaces  perfecftly  coincide  with  the  water  wherein 
they  float,  do  eafly  receive  the  external  light,  and 
it  as  eafily  paffes  through  them  ;  they  cannot 
therefore  exhibit  in  the  dark  that  light  which  they 
do  not  retain.  But  when  the  corpufcles,  by  the 
infufon  of  the  fait,  are  driven  together  in  thicker 
maffesy  and  are  difturbed  by  their  mutual  contact ; 
in  this  cafe  the  light  does  not  find  fo  free  a  paffage 
through  them,  but  is  obliged  to  ftop.  In  the 
mean  time,  whilft  the  light  continues  in  the 
bodies,  it  remains  vifible,  provided  there  be  no 
obftru(flion.  There  are  feveral  circumftances  that 
may  obftrudl,  and  amongft  thefe  are  colours  and 
metallic  mixtures  ;  for  if,  inftead  of  oil  of  tartar, 
you  throw  in  fal  fatwni,  you  will  find  that  the  ' 
water  is  become  turbid  and  milky,  but  not  phof- 
phoric. 

55.  What  has  been  faid  concerning  the  light, 
namely,  that  it  appears,  or  does  not  appear,  ac¬ 
cording  as  it  is  refledted  or  refradted,  has  indeed 
a  great  appearance  of  truth ;  but  we  are  prevented 
from  pronouncing  the  certainty  of  it  with  any 
great  confidence,  becaufe  it  depends  but  upon  a 
few  obfervations  ;  and  there  are  many  jhat  feein 
to  oppofe  it.  Gems,  cryftals,  and  glafs,  always 
remain  dark,  whether  they  continue  whole,  or  be 
ground  into  the  fineft  powder.  Therefore,  thefe 
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bodies  do  not  derive  any  phofphoric  quality, 
either  from  their  tranfparency,  or  from  their  ex¬ 
treme  whitenefs  ;  by  the  firfh  of  which  properties, 
the  light  paflcs  through  them  with  the  greateft 
eafe,  and  by  the  other  they  partly  retain  the  light, 
and  partly  refled;  it  in  all  directions.  In  like 
manner  fome  of  the  cleareft  diamonds  are  fplendid 
phofphori,  whilfl:  others  of  -them  are  entirely  dark. 
Lalfly,  a  great  number  of  opaque  bodies,  either 
rough,  or  poliflied,  or  ground  to  powder,  are 
phofphori,  or  the  contrary.  Which  makes  it 
manifefl;,  that  the  ftructure  of  bodies,  both  ex¬ 
ternal  and  internal,  does  fometimes  aflifl:  their 
phofphoric  qualities,  and  fometimes  the  contrary  : 
but  it  has  no  certain  and  conflant  connection  with 
the  caufe  of  their  phofphorifm.  And  if  ever  we 
might  hope  to  difcover  this  caufe,  the  prefen t 
feems  to  be  the  favourable  opportunity.  For* 
iince,  by  the  indufbry  of  myfelf,  and  many  others, 
it  has  been  found  out,  that  almoffc  all  bodies  pof- 
fefs  that  power,  which  was  heretofore  believed  to 
be  peculiar  to  «one  only,  and  afterwards  to  a 
few :  it  may  eaflly  happen,  that  in  fo  great  a 
number,  and  in  fuch  a  variety  of  fpecies,  fome 
one  may  difcover  that  fecret  which  has  been 
kept  fo  faithfully  by  a  fmaller  number.  And 
if  we  fhoiild  ever  come  to  a  folution  of  that 
queflion  which  has  been  often  debated  in  our  Aca¬ 
demy,  namely,  By  what  means  luminous  bodies  i 
communicate  their  fplendor  to  phofphori,  I  do 
not  fee  what  bounds  can  be  fet  to  the  fpeculations  I 
2  of 
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of  philofophers  concerning  light ;  for  if  we  ihould 
determine  that  the  light  palTes  from  the  luminous 
body  into  the  pholphori,  which  is  the  opinion  of 
fome,  and  which  agrees  with  many  forms  of  expref- 
fion  ufed  in  this  book,  we  lhall,  in  this  cafe,  have 
fomething  new  and  wonderful  with  refpedt  to  the 
light.  It  is  an  old  opinion,  that  light  confifts 
of  exceeding  fmall  and  adtive  corpufcles,  which 
are  thrown  off  continually,  every  way,  with  a 
vibratory  motion  from  the  luminous  body,  and 
with  the  greateft  velocity ;  but  to  imagine,  that 
thefe  corpufcles  are  not  prefently  difperfed  and 
diffolved  by  the  agitation  of  their  own  motion : 
to  imagine,  that  they  do  not  immediately  vanifh  : 
and  further,  that  ^they  exifl  when  out  of  the 
fources  from  whence  they  Iprung,  and  that  for 
a  conliderable  time  :  and  moreover,  that  they  ad¬ 
here  to  bodies,  which  they  meet  with  in  the 
manner  of  heat  and  odors:  and  laflly,  that  they 
repofe  themfelves  in  thefe  bodies,  in  a  manner 
inconliftent  with  their  fuppofed  adlivity  :  all  thefe 
are  new  ideas ;  at  leaft,  they  are  not  perfedtly 
underilood,  and  certainly  have  not  as  yet  been 
clearly  explained.  If  we  fuppofe,  therefore,  that 
the  corpufcles  of  light  are  not  diilblved  immedi¬ 
ately  upon  their  leaving  .the  luminous  body,  but 
that  they  continue  for  a  time,  'and  that  they  are 
found  in  the  greatell  numbers  round  about  their 
original  fource  :  what  more  can  be  required  in 
order  to  conftitute  that  atmofphere  about  every 
luminous  body,  which  has  been  afcribed  to  the 
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great efl  luminary  by  aftronomers  and  philofo- 
phers  ?  And  if  thefe  atmofpheres  do  in  a  great  mea- 
fure  confift  of  lights  we  will  not  then  have  any  fur¬ 
ther  difpute  about  them  :  for  the  difputes  in  the 
laft  age,  with  refped:  to  the  fun’s  light,  namely, 
what  was  the  caufe  of  it,  were  very  idle.  For 
this  would  be  quite  as  ufelefs  as  to  enquire  what 
makes  light  Ihine.  Thus  much  with  refpedt  to 
the  light  which  proceeds  from  the  luminous 
bodies.  But  if  we  turn  our  thoughts  to  the 
bodies  that  imbibe  it,  is  it  not  ftrange,  that  this 
phofphoric  quality  Ihould  be  fo  common  as  to  be 
reckoned  amongib  their  general  properties  ?  for 
who  could  imagine  or  conceive  what,  and  how 
far,  and  in  what  manner,  thofe  moft  fubtile  and 
adlive  corpufcles  a(5t  upon  the  denfer  fabric  of 
thofe  bodies  which  they  penetrate,,  into  which 
they  inlinuate  themfelves,  and  wherein  they  are 
retained  ?  But  how  long  are  they  retained  ?  if 
we  confult  our  fenfes,  but  a  very  little  time : 
but,  if  our  fight  could  difcern  the  very  fmalleft 
particle  of  light,  which  perhaps  fome  animals 
that  fee  in  the  dark  are  able  to  do  j  in  that  cafe  I 
believe  we  fhould  be  of  a  diiferent  opinion.  For 
as  it  is  a  common  notion,  and  a  very  probable 
one,  that  there  is  no  body  truly  cold  ^  fo  it  may 
be  faid  with  equal  probability,  that  no  body  is  / 
entirely  dark.  But  our  obfervations  for  this  pur- 
pofe  muft  be  made  in  a  place  that  never  faw  the 
light;  and  confequently  on  this  earth,  which 
alternately  enjoys  light  and  hiade,  no  fuch  dark 
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.place  can  be  found.  —  But  if  phofphori  do  not 
fhine  by  a  borrowed  light,  but  by  their  own;  and 
that  their  own  light  is  produced  only  when  put 
in  motion,  and  lighted  up  by  the  rays  of  a  lumi¬ 
nous  body,  (which  opinion  is  likewife  confirmed 
by  fome  experiments,)  we  have  then  new  doctrines 
never  before  thought  of,  and  a  great  fund  added 
to  natural  philofophy.  There  will  then  be  a  cer¬ 
tain  hidden  and  fecret  principle  in  bodies  inflam¬ 
mable  by  this  mofl:  fubtile  fire.  W,e  fhall  then 
difcover  in  nature  a  perpetual  fire;  or 'at  leafl:  that 
bodies  are  very  frequently  taking  fire  upon  being 
.  expofed  to  the  light.  This  -motion  will  deferve  ^ 
a  confiderable  rank,  amongfl;  thofe  hitherto  ima-  ^ 
gined  by  the  philofophers,  to  be  ferviceable  in 
exciting  and  reftoring  the  forces  of  natural  caufes. 
There  will  likewife  be  a  perpetual  diffipation  of 
the  matter  which  is  thus  fet  on  fire;  and  fmce 
this  happens  without  any  fenfible  detriment  to  the 
bodies  that  are  burnt,  who  can  comprehend  either 
the  fubtility  of  this  matter,  or  the  means  of  re¬ 
ftoring  it,  which  are  adapted  to  fupport  fo  conti¬ 
nual  a  wafte  ?  But  this  is  not  a  time  to  purfue 
,  this  enquiry,  or  any  of  it’s  confequences,  even  in 
I  the  flighted  manner  ;  for  they  require  more  dif- 
*  quifition  and  thought  than  at  prefent  can  be  found. 

It  is  enough  for  me  if  my  obfervations,  or  fpeeu- 
lations,  have  opened  the  way  to  others  who  may 
purfue  thefe  great  points.  ^ 
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I .  TT  ufually  happens,  that  in  the  inveftigation  of  • 
new  fubjeds,  many  things  at  firft  pafs  un- 
obferved,  which,  when  we  proceed  further,  we 
are  furprized  efcaped  our  notice.  I  am  fenfible 
of  the  truth  of  this  obfervation,  with  refpedt 
to  my  own  enquiries,  concerning  the  phofpho- 
ric  qualities  of  bodies.  For  although  I  ufed 
as  great  diligence  as  I  thought  was  poffible,  yet  I 
was  obliged  to  leave  many  things  which  my  ob- 
fervations  did  not  reach,  or  which  I  had  not  time 
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to  perfe(St.  And  yet  thefe  matters  required  no 
laborious  procefs,  nor  any  fingular  degree  of  in- 
duftry,  but  only  an  attention  to  fome  few  things, 
and  thofe  apparently  of  no  great  moment.  Moreover, 
thefe  circumftances  did  not  occur  to  me  until  I  had 
publifhed  the  former  part  of  this  work.  They 
came  into  my  mind  fpontaneoully,  at  lead:  without 
any  labour  :  infomuch  that  I  wondered,  and  took 
it  hard,  and  indeed  was  almoft  angry  with  myfelf, 
when  I  reflected,  that  I  had  not  before  turned  my 
attention,  (which  is  generally  ready  enough  upon 
thofe  fubjefts,)  to  thefe  refources,  which  now  ap¬ 
peared  to  be  quite  at  hand,  and  obvious. 

2.  Being  prepared,  therefore,  by  a  more  accurate 
method  of  obferving,  I  once  more  applied  myfelf  to 
my  former  ftudies,  which  I  have  continued  for  feveral 
months  pad:,  and  to  this  day.  For  it  has  always 
been  my  opinion,  that  philofophical  enquiries  can 
feldom  be  negledled  without  a  condderable  lofs  to 
the  ftudent,  and  never  without  fome  detriment  to 
natural  knowledge.  For,  as  on  the  one  hand,  it  is 
much  eafier  to  purfue  a  work  already  begun,  than 
to  take  it  up  again  when  intermitted  :  fo  on  the 
other,  it  may  be  faid,  that  if  the  fird:  undertaker  of 
any  dudy  does  not  bring  it  to  perfection,  it  will  be 
long  before  any  other  will  take  it  up ;  which 
perhaps  may  never  happen.  I  hope  therefore  to  be 
excufed  for  returning  to  my  phoiphori,  after  hav¬ 
ing  laid  them  afide  for  more  than  two  years  :  and 
the  rather,  becaufe  this  intermidion  has  been  com- 
penfated  by  the  addition  of  an  incredible  number 
5  of 
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of  new  phofphori  to  thofe  mentioned  in  the  former 
work.  For  I  can  now  affirm,  without  arrogance, 
that,  by  this  induftry  of  mine,  it  appears,  that  the 
dominion  of  light  is  extended  to  all  known  bodies, 
with  a  very  few  exceptions.  In  my  former  tnemoiry 
I  declared  this  new  and  lingular  property  of  light, 
or  of  the  nature  of  bodies  in  general,  with  a  great 
degree  of  doubt  and  caution ;  fuch  as  was  pro¬ 
per,  confidering  that  I  then  could  propofe  no 
more  than  a  conjedture  or  an  opinion.  Which 
conjecture,  though  fupported  by  a  very  great  num¬ 
ber  of  bodies  that  were  phofphori,  was  yet  made 
doubtful  by  a  good  number  of  bodies  being  other- 
wife.  But  there  is  now  no  room  for  doubt,  or 
fear,  fince  we  find,  by  repeated  and  clear  obfer- 
vations,  that  thefe  very  bodies  are  in  fadl  phofphori. 
I  {hall  now  deliver  thefe  obfervations  in  proper 
order,  and  rather  fully ;  fo  as  to  deferve  the  con¬ 
fidence  of  my  readers,  and  to  open  to  others  a  fafe 
and  eafy  way  to  the  fame  obfervations. 

3.  Since  therefore  this  difeourfe  relates  only  to 
thofe  phofphori,  which  become  fuch  by  being 
expofed  to  the  light,  the  fame  rules  that  were 
laid  down  for  this  purpofe,  in  the  former  work, 
muft  be  obferved  now.  For  whatever  'was  faid 
there,  related  only  to  thefe  kind  of  phofphori,  and 
the  whole  apparatus  for  obfervation  had  refped:  to 
them  alone. 

4.  Having  difeovered  the  fource  of  this  miftake, 
I  found  it  neceffary  to  alter  my  apparatus.  There¬ 
fore,  I  fixed,  to  the  upper  margin  of  the  window,  - 
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two  curtains  of  a  thick  black  cloth  :  one  on  ths 
infide,  the  other  on  the  out  :  fo  broad,  as  to  ex¬ 
ceed  the  fize  of  the  window,  at  leaft  fix  fingers 
breadth.  Hanging  therefore  downwards  in  a  loofe 
manner,  and  flicking  pretty  clofe  to  the  edges  of 
the  window,  they  effe(5lually  excluded  the  light. 
In  the  mean  time,  the  obferver,  lifting  up  the 
lower  edges  of  the  curtains  a  fmall  matter,  was 
enabled,  upon  taking  any  fubflance  in  his  hand,  to 
hold  it  out  in  the  light  at  arms  length,  and  taking 
it  in  again,  to  examine  it.  But  in  doing  this,  he 
rnufl  Ihut  his  eyes  to  prevent  their  being  aftedted 
by  the  light.  Drawing  back  his  hand,  and  upon 
the  curtains  falling  down,  (which  two  operations 
would  take  up  but  a  moment  of  time,)  and  being 
fecured  from  the  light  by  the  window  being 
clofed,  he  might  immediately  cafl  his  eyes  upon 
the  body,  and  judge  of  it’s  fpiendor,  or  ob- 
fcurity. 

5.  And  in  this  manner  I  provided  againfl  the 
principal  inconveniencies  that  occured  in  my 
former  enquiries.  But  I  found  by  experience,, 
that  there  were  fome  other  particulars  to  be  ob- 
ferved,  the  negledl  of  which  would  render  any 
judgment  concerning  thefe  phofphori  fallacious, 
if  not  impoffible.  And  in  the  firfl  place,  it  mufl 
be  obferved,  that  the  bodies  fliould  be  placed  in. 
the  cleareji  light»  Now  perhaps  fome  people  may 
think  this  a  very  needlefs  caution.  For  who  will 
not  imagine,  that  the  bodies  exhibit  a  light,, 
bright  in  proportion  to  the  brightnefs  of  the  light 
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Imbibed  ?  And  yet  fome  will  be  of  a  different 
opinion  ;  efpecially  thofe  who  imagine,  that  fome 
phofphori  fhine  brighter  in  a  cloudy  day  than  in 
a  clear  one,  or  even  than  when  expofed  to  the 
rays  of  the  fun.  Nor  is  this  notion  deftitute  of 
probable  reafons.  Upon  which  account  I  think 
it  proper'  to  declare,  that  I  do  not  find  that  ob- 
fervation  to  hold  true  with  refpecl  to  my  phof¬ 
phori,  although  it  may  be  true  with  regard  to  the 
Bologna  fiione,  which  is  the  principal  fiabjed;  to 
which  that  obfervation  is  applied.  And  if  we 
admit,  that  thefe  bodies  differ  in  their  phofphoric 
quality  from  that  ftone,  fuch  difference  may  be 
properly  afcribed  to  their  being  of  a  different  na¬ 
ture.  Our  phofphori  are  naturally  fuch ;  whereas 
the  Bologna  flone,  and  other  fubfiances  of  a  like 
nature,  derive  that  quality  from  art,  and  the  ap¬ 
plication  of  violent  heat.  As  to  thefe  natural 
phofphori,  I  could  never  find  that  the  light  of  the 
fun  was  at  all  prejudicial  to  them.  So  far  from 
it,  that  many  of  them  are  of  a  nature  fo  difficult,, 
as  to  perceive  the  leafl  differences  in  the  light  of 
the  fun  and  will  not  fhine,  unlefs  they  be  ex¬ 
pofed  to  a  light  quite  clear  from  every  degree  of 
vapour.  There  are  likewifc  feveral  that  will 
not  fliine  even  by  the  brighteft  fun-fliine;  but 
continue  dark  until  they  are  expofed  to  the  rays  of 
the  fun  colleded  by  a  lens. 

6.  It  is  material  not  only  to  confider  in  what 
light  the  bodies  muff  be  placed,  but  hkewife  in 
what  fituation.  For  there  are  fome  that  fhine 
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better  in  the  fame  light,  when  placed  in  one  por¬ 
tion,  than  when  in  another.  But  it  is  difficult  to 
lay  down  any  certain  and  general  rule  in  this  mat¬ 
ter  j  becaufe  the  furface  and  the  figure  of  the  body, 
and  the  different  nature  of  the  com.ponent  parts, 
and  perhaps  many  other  circumftances,  may  make ' 
confiderable  differences.  It  is  difficult  to  forefee 
thefe  confequences  feparately ;  but  to  provide 
againft  all  of  them  together,  is  quite  impoffibic. 
In  general,  however,  that  pofition  is  the  beff, 
wherein  the  greateft  quantity  of  light  is  tranf- 
mitted  from  the  luminous  body  to  the  phofphorus. 
More  light  will  fall  upon  a  rough  furface  than 
upon  a  poliffied  one ;  for,  according  to  the  laws 
of  optics,  the  latter  will  refledl  a  great  part  of 
the  approaching  light  before  it  touches  the  body.. 
X/ikewife,  if  the  furface  be  uneven  by  hollows  and 
riiings,  care  mufh  be  taken,  as  far  as  poffible, 
that  every  part  be  equally  enlightened.  For  it 
often  happens  that  the  rifings  projedt  a  'fhade  upon 
the  lower  parts,  fo  as  great  part  of  the  body  will 
remain  dark,  even  when  expofed  to  the  cleared: 
light.  For  which  reafon,  in  thefe  circumftances, 
the  whole  body  will  be  in  appearance  dark, 
cfpecially  if  it  be  a  weak  phofphorus.  For  a 
faint  light,  if  it  be  broken  and  difperfed,  will 
fcarcely  firike  the  obferver’s  eye,  and  will  rather 
exhibit  an  appearance  of  darknefs  than  of  light. 
-—It  iikewife  often  happens,  that  experiments  are 
made  upon  fubfiances,  whofe  parts  differ  very 
much  from  each  other  in  their  nature  and  qualities ; 
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in  which  cafe  it  is  evident,  that  the  mofl  phof- 
phoric  parts  lliould  be  turned  to  th’e  light  j  that 
is,  the  white  rather  than  the  dark,  the  dry  rather 
than  the  wet,  and  the  opaque  rather  than  the 
tranfparent  :  but  becaufe  it  Ibmetimes  happens, 
that  thefe  differences  are  not  known  at  the  time 
of  making  the  experiment,  it  will,  be  proper  to 
keep  changing  the  body,  during  the  experiment, 
into  different  fituations,  in  order  to  difcover  the 
moft  phofphoric  part  of  it.  This  rule  is  fre¬ 
quently  uiefiil  with  refpedl  even  to  bodies  that 
feem  to  be  of  an  uniform  nature  :  I  experienced 
.this  in  a  drinking  glafs  of  a  conical  figure,  which 
was  expofed  to  the  light,  in  fuch  a  manner,  as  to 
have  it’s  axis  parallel  to  the  horizon,  and  in  that 
fituation  exhibited  a  tradl  of  light,  which  was 
likewife  parallel  to  the  horizon  5  though,  in  every' 
other  polition,  the  glafs  remained  quite  dark. 

7.  It  is  proper  likewife,  that  the  obferver  fliould 
be  very  exaft  in  turning  the  enlightened  parts  to 
his  eye,  and  not  the  dark  ones.  It  may  feem 
very  eafy  to  be  exad:  in  this  point,  but  in  expe¬ 
rience  it  will  be  found  much  otherwife  :  for  the 
hands,  which  in  our  ufual  motions  are  directed, 
by  the  fight,  when  they  are  deprived  of  that  af- 
fiftance  in  this  great  darknefs,  are  very  often 
deceived.  * 

8.  But  there  are  other  accidents,  whereby  the 
fituation  of  the  body  is  fo  far  changed,  that  the 
enlightened  parts  are  not  expofed  to  the  obferver’s 
eye.  This  happens  with  refpedt  to  bodies  that 
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are  broken  into  fmall  pieces,  or  powdered.  Thefc 
cannot  be  brought  into  the  place  of  obfervation,. 
efpecially  if  a  quick  motion  is  ufed,  without  being 
fliaken.  In  which  cafe  it  happens,  that  the  faces 
of  many  particles  are  turned  round,  and  there  is 
a  confuhon  amongft  them  :  fo  that  the  enlightened 
particles  lofe  all  their  fplendor,  being  covered 
by  the  dark  ones.  For  the  fame  reafon  it  is  very 
difficult  to  make  experiments  upon  liquids.  Thefe 
muft  be  confined,  fo  as  to  prevent  them  from 
flowing,  as  much  as  poffible.  This  may  be  done 
by  putting  them  in  bottles  of  the  clearefl  glafs, 
which  being  quite  filled,  will  keep  the  liquor 
from  being  fliaken  or  agitated.  The  light,  which 
pafTes  through  the  glafs,  will  be  fufficient  to  ex¬ 
cite  the  phofphoric  quality  in  the  liquid,  pro¬ 
vided  the  glafs  be  clear  and  thin  :  and  when  the 
light  is  once  imbibed  by  the  liquor,  enough  of  it 
will  remain  for  obfervation,  as  there  will  be  no 
motion  of  the  parts.  Powders  muft  be  placed  in 
very  open  velTels,  and  then  compreffed  in  fuch  a 
manner  as  to  make  the  particles  cohere.  By  this 
means  they  will  preferve  that  pofition  wherein 
they  received  the  light,  and  will  exhibit  the  fame 
light  entire  to  the  obferver. 

9.  Laflly,  it  muft  be  obferved,  that  it  is  better 
to  make  experiments  upon  large  bodies  than  upon 
irnali  ones  :  and  if  the  light  be  faint,  it  is  abfo- 
lutely  neceflary  that  the  body  fiiould  be  large.  For 
it  is  plain,  that  a  faint  light,  when  diffufed  over 
a  large  furface,  may  flrike  the  eye,  but  not  fo 
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when  the  furface  is  fmall.  Therefore  where  there 
can  be  a  choice,  it  is  always  beft  to  prefer  large 
maifes.  And  in  feveral  experiments  where  I  have 
not  been  able  to  find  any  light  at  all  upon  fmali 
pieces  of  bodies,  I  have  yet  found  that  larger  pieces 
were  flrong  phofphori. 

10.  But  we‘  have  not  always  an  opportunity 
of  trying  large  bodies,  either  becaufe  there  are 
no  large  ones  of  this  kind,  as  in  the  cafe  of  gems, 
or  becaufe  large'  ones  are  not  to  be  procured. 
We  mufl,  in  that  cafe,  procure  that  magnitude 
by  artificial  means  which  nature  or  opportunity 
have  denied  :  either  by  faflening  together  many 
minute  corpufcles  of  the  fame  body,  and  dil- 
pofing  them  in  as  large  a  furface  as  poflible,  upon 
a  fland  of  black  wax  ;  or,  if  we  cannot  procure 
a  number,  we  mufl  powder,  fuch  as  we  have,  very 
fine,  and  ftrew  the  duft  upon  a  like  hand.  By 
this  means  I  have  obferved  the  phofphoric  power 
of  fome  exceeding  fmall  gems,  which,  when  viewed 
feparately,  appeared  dark :  and  I  have  no  doubt, 
but  that  thofe  diamonds,  in  which  no  light  has  yet 
been  difeovered,  would  become  phofphori,  if  treated 
in  that  manner. 

11.  And  thefe  are  the  chief^points  which  mufl 
be  attended  to  by  fuch  as  choofe  to  repeat  thefe 
experiments ;  in  relating  of  which,  though  I  may 
have  been  fomewhat  long,  yet  I  have  faid  nothing 
fuperfluous,  unlefs  an  accurate  defeription  of  the 
proper  means  for  conducting  philofophical  en- 
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quiries  fhould  be  called  fuperfluous.  For  ignorance- 
of  the  particulars  juft  now  related  has  concealed, 
even  to  this  time,  thefe  extraordinary  phofphoric 
appearances,  not  only  from  very  fagacious  obfervers, 
but  almoft  from  myfelf,  who  not  only  fufpedled 
the  truth,  but  was  labouring  this  particular  point 
v/ith  the  clofeft  attention.  And  in  truth  a  vaft 
number  of  bodies  have  been  pronounced  by  me 
to  be  dark,  which  by  this  more  accurate  proceed¬ 
ing  I  have  found  to  be  phofphoric.  And  now 
I  ihall  proceed  to  enumerate  thefe  bodies :  in  which 
undertaking  I  hope  not  to  be  again  accufed  of 
lupeiduity,  as  if  this  particular  enumeration  could 
give  no  light  to  the  general  aftertion  in  the  begin¬ 
ning  of  this  paper  :  namely,  that  all  bodies ^  except 
a  very  few,  were  phofphori.  For  although  this 
quality  be  common  to  all  bodies,  yet  each  kind  of 
body  has  fome  fingularity  in  this  refped:,  which  is 
worthy  of  notice.  And  the  obfervation  of  thefe 
fingularities  gives  a  probability  to  the  general 
affertion . 

12.  In  this  new  catalogue  we  ftiall  follow  the 
fame  order  that  was  obferved  in  the  former  work, 
and  fliall  divide  our  new  phofphori  into  three 
claftes,  of  fojjilsy  vegetablesy  and  animals.  In  that 
work  we  gave  the  hrft  rank  amongft  the  foftils  to 
earths,  of  which  we  faid,  that  a  great  many  were 
phofphoric,  but  that  fome  were  dark.  It  was 
obferved  too  that  though  no  certain  criterion  of 
tlieir  fplendor,  or  their  darknefs,  could  be  derived 
from  their  qualities,  efpecially  from  their  colour, 

yet 


/ 


[  77  ] 

yet  r  added,  that  of  all  colours,  white,  and  the 
colours  approaching  to  it,  were  the  moll:  phof- 
phoric.  But  now,  lince  my  late  obfervations,  I 
affirm  that  all  earths  are  phofphoric,  without  ex¬ 
cepting  even  the  black  or  the  red.  For  I  have  feen 
undoubted  phofphoric  appearances,  though  faint 
ones,  in  thofe  black  earths  ufed  by  our  painters  : 
efpecially  at  the  edges  and  angles^  which  laft  is  a 
circumftance  common  to  many  bodies.  The 
•uicetina  fullonia^  which  was  mentioned  in  the 
former  work,  afforded  a  brighter  appearance, 
though  it’s  light  was  far  from  being  proportionable 
to  it’s  whitenefs  :  fo  that  it  is  not  ftrange  that  in 
giving  inftances  of  white  bodies  that  were  not 
phofphori,  I  ffiould  in  the  former  work  mention 
this  fubftance.  For,  even  at  this  time,  I  was  very 
near  pronouncing  the  yellow  earth,  which  our 
painters  procure  from  the  Campania  Romana,  to 
be  no  phofphorus  :  fo  obftinate  was  it  in  refufng 
even  the  fun’s  light.  But  at  laft  it  exhibited  phof¬ 
phoric  appearances,  upon  receiving  the  fun’s  rays 
through  a  lens.  . 

13.  With  refpedt  to  fands,  which  I  placed  next 
to  the  earths,  I  have  fcarce  any  thing  to  add  to  the 
former  obfervations.  For  I  afcribed  to  moll  of 
them  thefe  qualities,  provided  the  colour  did  not 
obllrudt.  I  afferted  in  the  former  work,  that  the 
ocre  which  adheres  to  the  yellow  fands,  that  are 
found  in  the  hills  near  this  city,  hinder  their  phof¬ 
phoric  appearances  :  but  I  now  find  that  thefe 
fands  are  phofphori,  even  though,  the  ocre  be  not 
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wallied  off.  I  was  likewife  mirtaken  in  afferting 
that  thofc  rpangles  of  a  golden  colour,  and  which 
partake  of  the  nature  of  talcs,  and  which  are 
mixed  with  the  fame  fand,  were  dark  :  for  I  find 
them  to  be  phofphori.v 

14.  Amongfi;  the  larger  ffones,  marbles  deferve 
the  principal  place,  fince  no  ftones  are  larger :  and 
befides,  marbles  exceed  all,  in  their  polifh  and 
brightnefs.  They  likewife  excel  as  phofphori; 
The  fofter  and  the  whiter  marbles  fliine  the  moft: 
But  the  hard  and  the  dark  ones  are  not  entirely 
dark,  though  I  formerly  doubted  upon  this  point. 
I  find  that  porphyry,  ophites,  and  granate,  become 
phofphori  by  the  fun’s  light ;  but  more  fo  by 
the  application  of  a  lens  :  though  in  the  former 
work  I  mentioned  thefe  as  uncertain.  Befides  the 
bafalties,  a  kind  of  ^Ethiopian  marble,  which  in 
hardnefs  and  colour  refembles  iron,  may  be  made 
to  fhine  by  means  of  a  lens.  To  thefe  may  be  added 
a  kind  of  ^Egyptian  green  marble,  and  likewife 
the  antique  green  marble,  together  with  the  oriental 
green  marble,  called  della  della :  though,  when  I 
wrote  the  former  part,  I  thought  thefe  marbles  en¬ 
tirely  dark,  or  at  lead  that  they  gave  a  very  doubt¬ 
ful  light,  and  that  at  the  edges  only, 

15.  In  the  former  part  we  didributed  the  dones 
of  fmall  bulk  into  their  genera,  and  defcribed  one 
clafs  of  them  as  being  not  fo  hard  as  marble, 
and  the  other  as  being  harder  than  any  marble.  We 
then  fubdivided  the  fird  of  thefe  claffes  into  three 
new  dividons.  I  have  nothing  to  add  to  the  fird 
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divifion,  namely,  that  which  comprehends  the 
flones  which  are  altogether  deftitute  of  any  regular 
form.  In  the  fecond  divifion  we  place  thofe  hones 
which  contained  a  certain  regular  internal  forma¬ 
tion  with  an  irregular  ou tilde :  and  gave  for 
inftances  the  amiantus,  feveral  fpecies  of  talc,  and 
a  certain  actites,  from  Nani :  all  thefe  bodies  were 
there  called  obfeure.  But  later  obfervations  have 
difeovered  a  manifeft  light,  not  only  in  thefe  but 
in  others  of  the  fame  clafs  :  efpecially  in  a  certain 
very  hard  oriental  aetites,  and  even  in  the  paper 
made  from  the  amiantus.  The  lad:  clafs,  con¬ 
fiding  of  fmall  and  foft  dones,  having  regular 
formations,  both  internal  and  external,  I,  at  that 
time,  conddered  as  abounding  with  phofphori. 
But  having  then  fpoken  of  certain  ipeckled  and 
darlike  (dones)  rather  doubtfully,  I  take  this 
opportunity  of  declaring  them  to  be  very  manifed 
phofphori. 

1 6.  Next  follow  fuch  dones  as  are  harder  than 
marble  :  I  found  few  of  thefe  that,  upon  the  fird 
trial,  would  diine  in  the  dark  :  certainly  much 
fewer  than  their  brilliancy,  when  expofed  to  the 
day-light,  feems  to  promife.  But  upon  further 
trial  I  found  that  they  were  all  phofphori }  and 
w^ould  fhine  if  properly  affided.  The  adidance 
of  a  burning-glafs  was  found  the  mod  certain 
and  efficacious  ;  but  feveral,  efpecially  fuch  as 
confided  of  minute  corpufcles,  required  to  have 
many  fragments  of  the  fame  body  joined  toge¬ 
ther  :  or  to  have  their  powder,  or  fmall  dud, 
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spread  upon  black  wax,  fo  as  to  make  a  large 
Jurface  in  the  manner  before-mentioned.  In  the 
former  work  I  divided  this  kind  of  hones  into 
the  opaque,  the  tranfparent,  and  thofe  of  a 
middle  nature :  and  going  through  all  thefe 
divifions,  I,  at  that  time,  admitted  only  the 
lapis  lazuli  into  the  number  of  phofphori,  ex¬ 
cluding  all  the  reft,  and  particularly  the  whole 
family  of  jafpers,  and  the  malachites.  But  I  now 
find,  that  all  thefe  ftones  are  phofphori.  For 
the  malachites,  and  likewife  the  lapis  nephriticus, 
are  manifeft  phofphori :  and  that  jafpers,  whether 
they  be  red  or  of  a  dark  green,  or  be  mixed  with 
many  different  colours,  fhine  when  expofed  to  the 
lens ;  and  many  of  them  by  the  light  only  of  the 
fun,  efpecially  fuch  of  them  as  are  ftreaked  with 
white  veins. 

17.  In  the  other  clafs  of  precious  ftones,  name¬ 
ly,  that  between  the  opaque  and  the  tranfparent 
ones,  upon  examining  one  hundred  agates,  I  found 
only  one  which  could  not  be  made  to  fhine  by 
the  lens.  This  ftone  was  of  many  dark  colours, 
fo  that  I  afcribed  it’s  obfcurity  rather  to  the  co¬ 
lour,  than  to  the  nature  of  the  ftone.  Moreover, 
I  examined  in  this  clafs,  opals,  onyxes,  and  carn- 
eoli,  which  I  had  omitted  in  tlie  former  trials, 
and  found  them  all  to  fhine  by  the  fimple  light  of 
the  fun. 

18.  The  laft  clafs  containing  cryftals,  and  all 
the  tranfparent  gems,  was  much  more  favourable 
to  thefe  experiments  than  I  expeded.  They  ha 
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formerly-  withftood  rhany  attempts  of  Du  Fay, 
and  of  my  own,  though  I  have  been  generally 
pretty  lucky  upon  fuch  occahons.  But  I  accom- 
plillied  in  thefe  lafl  experiments  what  I  could  not 
in  the  iirft.  Many  of  the  cryftals  dione  by  the 
fun’s  rays  only,  and  fome  of  the  more  difficult 
ffione  by  means  of  a  lens :  but  all  of  them  were 
made  to  ffiine  by  means  of  the  day-light  alone, 
after  they  had  undergone  an  eafy  procefs.  I  rub¬ 
bed  off  from  them,  fome  very  fine,  and  white 
-  powder,  by  flriking  them  one  againfi:  another. 
This  powder  was  then  rubbed  (by  the  cryftals) 
between  each  other,  and  efpecially  in  thofe  places 
of  the  cryffals  that  were  rough  and  unpoliihed:  in 
confequence  of  which,  the  cryllals  became  phof- 
phori  in  the  places  fo  rubbed.  The  fame  procefs 
fucceeded  like  wife  with  glafs,  by  which  means 
this  fubftance,  which  before  was  thought  obfcure, 
became  phofphoric.  With  refpefl  to  gems,  they 
all  fliine  when  expofed  to  the  lens,  except  a  very 
few.  The  eafiefi;  of  all  are  the  emeralds,  many  of 
which  fiaine  by  the  fimple  light  of  the  fun. 
After  the  emeralds  come  the  fapphires,  efpecially 
thofe  of  the  whiter  kind  :  the  cryfolites  are  almoft 
as  good  as  thefe  :  then  follow  the  amethifts  and 
topazes  ;  next  the  rubies,  efpecially  the  paler 
ones;  and  laftiy  the  granates  and  hyacinths.  The 
lafi;  mentioned  would  fcarce  fiiine  at  all  when 
examined  feparately,  but  were  much  eafier  when 
taken  in  numbers ;  but  in  all  fituations  they  are 
the  mofi:  difficult  of  gems ;  infomuch,  that  hav¬ 
ing  taken  fome  granates  of  a  fine  colour,  high 
6  polifli. 
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polifli,  and  great  fize,  together  with  a  certain 
gem  of  the  hardnefs  and  colour  of  a  ruby,  and 
likewife  two  beautiful  hyacinths  5  I  could  not 
make  any  of  thefe  bodies  Ihine  when  examined 
feparately.  But  I  afcribe  this,  and  I  think  juftly, 
to  the  nature  of  the  colour ;  for  I  have  found,  by 
a  good  many  obfervations,  that  red,  amongfl;  other 
colours,  is  very  oppolite  to  all  phofphoric  ap¬ 
pearances. 

19.  After  the  gems,  I  confidered  metals,  fol¬ 
lowing  that  divifion  which  Woodward  had  for¬ 
merly  made  amongft  the  foffils.  Du  Fay  for¬ 
merly  tried  many  experiments  upon  metals  j  and 
I  have  made  not  a  few.  Indeed  I  have  never  de¬ 
eded  from  trying  every  means  I  could  devife  to 
make  them  phofphoric,  but  never  with  fuccefs. 
It  is  furely  a  hard  and  dubborn  kind  of  body, 
fince  it  rejedts  light  and  eledtricity,  and  even  dew. 
Thefe  metals  conditute  that  fmall  number  of  bo¬ 
dies  which  appear  to  me  to  be  the  only  ones  in  na¬ 
ture  that  are  not  phofphori.  For  the  darknefs  of 
all  others  may  be  properly  afcribed  to  fome  acci¬ 
dental  and  foreign  caufe,  and  not  to  their  nature. 
But  in  metals  there  is  no'fuch  caufe  yet  difcovered, 
to  which  we  can  attribute  their  darknefs. 

20.  Whatever  has  any  affinity  to  metals,  I  for¬ 
merly  thought,  partook  of  the  fame  obfcurity : 
and  I  find  this  obfervation  true,  with  refpedl  to 
cinnabar,  zink,  and  mundick  ;  but  it  does  not  hold 
with  refpedt  to  the  lapis  calaminaris,  wffiich  I  now 
find  to  be  phofphori,  as  are  likewife  fome  other 
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fbffils  of  the  fame  kind.  For  inflance,  I  find 
that  fome  loadfiones  exhibit  a  very  faint  light, 
which  is  diffufed  through  their  whole  fubflance : 
and  likewife,  that  a  certain  mineral  iron  exhibits 
a  fcattered  light.  Magnetia  is  a  phofphorus :  fo 
is  the  fmiris,  the  bloodflone,  and  the  armenus ; 
efpecially  with  a  lens :  I  had  another  hone  of  the 
colour  and  weight  of  iron,  which  appeared  phof- 
phoric  by  the  light  of  the  fun  only,  at  the  fides, 
which  were  uneven.  Therefore  thefe  bodies, 
and  a  good  many  others,  which  are  not  named 
here,  though  they  have  a  mixture  of  metal  in 
them,  and  though  their  colour  is  black  or  dark, 
yet  they  are  found  to  exhibit  a  light,  which, 
though  very  weak,  may  yet  be  perceived  by  a  very 
nice  obferver. 

21.  Following  Woodward’s  method,  I  afiigned 
to  earthy  juices  the  laft  place  in  the  clafs  of  fof- 
fils  :  and,  fiill  following  the  fame  author,  I  di¬ 
vided  them  into  fait  juices  and  fat  ones ;  and  ad¬ 
mitted  almoil;  all  falts  into  the  number  of  phof- 
phori :  excluding  thofe  only,  which  had  fome 
mixture  of  metal  in  them  :  to  which  I  was  in¬ 
duced  principally  by  an  experiment  made  upon 
vitriol.  For  I  found,  that  every  kind  of  vitriol, 
however  tranfparent,  was  always  dark  j  but  af¬ 
terwards,  upon  repeating  the  experiment  more 
accurately,  I  difcovered  fome  traces  of  a  faint 
light  upon  a  cryftalline  lump  of  this  fort.  This 
light  was  more  diffufed,  but  ftill  as  faint,  in  fome 
vitriol,  that  was  powdered  and  preffed  down  upon 
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a  plain  furface :  but  the  light  was  pretty  conH-' 
derable  in  that  white  calx  into  which  vitriol  is 
reduced,  when  expofed  to  a  hot  fun.  By  the  appli¬ 
cation  of  a  lens,  the  light,  which  appeared  in  the 
powdered  vitriol  weak,  and  almofl  uncertain,  was 
made  quite  manifefl;,  and  clear  of  doubt ;  and,  by 
means  of  the  lens,  the  light  in  the  vitriolous  calx 
was  increafed  three-fold. 

22.  In  the  former  work  I  was  very  much 
miftaken  in  regard  to  the  fat  juices^;  -for  I  did 
not  admit  one  of  them  to  be  phofphori :  but  at 
prefent  I  fliall  do  ^them  nrore  juftice.  I  have 
■found,  that  at  leaft  amber,  and  likewife  fulphur, 
as  well  native  as  fufed,-  are  phofphori.  But  jet 
and  pit-coal  are  not.  But  thefe  bodies  are  fo 
black  as  to  call  a  darknefs  upon  the  brighteffc 
body:  and  therefore  it  is  not  to  be  wondered  at, 
that  in  the  greateft  light  they  have  no  luminous 
appearance. 

23.  Thus  far  of  foffils.  We  fliall  how  fpeak  of 
vegetables.  In  my  firft  experiments  I  imagined 
that  plants  were  the  lead;  phofphoric  of  bodies : 
not  that  they  were  without  this  property,  but  that 
it  wanted  the  proper  force  and  vigour  :  inafmuch 
as  it  was  oppreffed  and  overcome  by  being  con¬ 
nected  with  ibme  principle  that  was  oppolite  to 
phofphorifm.  And  it  was  eafy  for  me  to  frame 
a  conjecture  as  to  this  principle,  from  the  experi¬ 
ments  which  I  made  upon  the  wood  and  fibres, 
whereof  all  plants  confift ;  as  well  as  upon  artificial 
phofphori,  which  arc  in  a  great  meafure  made  out 
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of  vegetables.  For  wood  and  fibres  being  of  a 
drier  compofition  than  other  parts  of  plants,  are 
therefore  more  phofphoric  :  the  whole  preparation 
of  fuch  phofphori  confifting  only  in  drying  them 
properly :  from  whence  it  was  eafy  to  conceive 
that  plants  have  an  innate  phofphoric  quality, 
which  is  opprefied  by  the  redundancy  of  moifiure 
wherewith  they  abound ;  and  which  quality  would 
exert  itfelf  upon  the  moifture  being  removed. 
But  I  am  not  fond  of  conjectures,  though  .expe¬ 
riments  alrnoft  oblige  me  to  give  .way  to  them : 
and,  I  mufi;  fay,  that  I  can  find  nothing  in  plants 
which  may  not  be  made  phofphoric,  provided  all 
the  humidity  be  exhaled.  In  mofi:  plants  nothing 
more  is  required  than  to  be  dried  in  the  wind  : 
others  will  not  fliine  unlefs  they  be  firfl  heated. 
In  this  number  are  fome  -plants  of  the  bull-rufii 
kind,  and  amongft  thefe  the  tipha.  But  they  all 
have  their  fplendor  improved  by  the  application  of 
fire,  fo  that  it  be  very  moderate,  and  not  to  mark 
them.  I  could  find  but  one  plant  which  would 
not  fliine,  even  when  fire  was  applied,  and  that  is 
the  red  beet. 

24.  But  this  quality  is  not  fo  entirely  fubdued  by 
humidity  as  not  to  exert  itfelf  in  fome  meafure, 
even  in  plants  that  are  in  full  verdure,  and  full  of 
juice.  Mofi;  of  them  will  fhine  by  a  very  clear 
fun-fhine:  but  the  obferver  mufi;  be  prepared  in 
the  manner  mentioned  in  the  former  part  of  this 
difeourfe.  In  that  fituation  he  will  find  that  almofi: 
all  roots  fiaine,  provided  the  colour  does  not  ob- 
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fl:ru<5t.  But  the  principal  fplendor  will  be  in  the 
llcin  ;  for  the  middle  will  appear  dark  if  it  confifta 
of  a  foftifh  pulp.  But  it  will  fhine  if  the  juice 
be  fqueezed  out.  Stalks  and  barks  follow  partly 
the  nature  of  the  wood,  and  partly  the  nature  of 
the  boughs,  according  a&  their  texture  inclines  to 
one  more  than  the  other.  But  leaves  for  the  moll 
part  become  fplendid  by  the  fun-lhine.  And  of 
all  leaves,  fuch  as  are  greyifh,  hairy,  and  of  a 
dryifh  nature,  are  the  moft  phofphoric  :  and  fo  is 
that  fide  of  the  leaf  that  is  next  the  ground.  If 
thefe  bodies  do  not  fhine  by  the  fun’s  rays,  they; 
always  will  by  a  lens :  which  is  likewife  of  great 
fervice  in  making  flowers  fhine  :  for  many  of  thefe, 
although  their  colour  be  not  very  dark,  are  yet 
more  hard  to  make  fhine  even  than  leaves.  Fruits^ 
that  are  even  foft  and  juicy  are  not  very  difficult  y 
but  dried  ones  are  much  eafier. 

25.  The  kernels  of  fruit,  though  not  dried,  and 
much  lefs  when  roaffed,  are  good  phofphori. 
Thefe  methods  do  indeed  improve  their  light,  but 
they  will  fliine  without  them.  In  this  particular 
I  have  changed  my  opinion  very  much  :  for  I  for¬ 
merly  thought  that  not  only  fruit  and  kernels,  but 
that  meal  and  the  whitefl;  flarch,  and  almofl:  all, 
feeds,  were  not  naturally  phofphori ;  but  would'i 
become  fuch  artificially,  that  is,  by  moderate 
roafting.  But  as  I  had  not  then  my  prefent  accu-. 
racy  of  obfervation,  and  did  not  know  the  effed: 
of  a  humid  air  in  deftroying  thefe  powers,  I  hope 
this  miflake  will  appear  pardonable.  Things  ap— 
9  peared' 
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pcared  to  me  quite  different,  when  I  returned  to 
thefe  obfervations  this  laft  time,  which  was  in  hot 
weather,  a  clear  Iky,  and  a  dry  air  :  all  which 
jcircumftances  were  entirely  different  from  thofe  that 
attended  the  firft  experiments.  Therefore  I  now 
fay,  that  nuts  of  all  kinds,  grains  of  wheat,  pulfes, 
and  in  particular  peafe  and  taresy  fhine  very  brightly 
without  any  preparation  j  the  two  laft  mentioned 
are  brighter  than  moft  other  phofphori. 

26.  I  found  that  moft  vegetable  juices  were 
pretty  ftrong  phofphori :  and  that  all  fhone  a  little. 

I  formerly  reckoned  fugar  as  a  principal  fait. 
Manna  and  honey  are  juft  as  much  inferior  to  fugar 
in  brightnefs  as  they  are  in  drinefs.  Honey  fcarce 
ftiines  at  all,  unlefs  it  be  made  hard,  in  fome 
meafure  by  cold,  and  fo  as  to  exhibit  the  ap¬ 
pearance  of  grains.  Gums,  in  which  the  whole 
genus  of  vegetable  juices,  (that  are  not  already 
mentioned,)  confift,  are  very  good  phofphori.  Gum 
arabic,  and  likewife  fome  drops  of  plum-tree  gum, 
appeared  very  fplendid  :  fo  will  the  tragacanth, 
provided  it’s  texture  be  not  loofened  by  humidity ; 
and,  if  it  is,  it  muft  be  dried. 

27.  The  laft  genusj  which  is  that  of  the  fat 
juices,  IS  phofphoric,  though  not  in  fo  great  a  de¬ 
gree  as  the  other  two.  All'  refmous  diftillations 
Ihine  more  or  lefs :  thofe  that  are  clear,  white,  and' 
dry,  are  the  beft  phofphori ;  and  the  worft  are 
thofe  of  an  oppofite  nature.  The  reftn  called 
benzoe  could  hardly  be  moved  to  ftiine  by  the  lens  : 
the  fame  was  obferved  of  the  turpentine  refin. 

This, 
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This  lall  would  not  fliine  whilfl  la  a  liquid  form ;  • 
but  flione  a  very  little  when  hardened  by  cold. 

28.  We  muft  reckon  oils  amongll  the  fat  juices. 
And  if  experiments  made  upon  two  forts  of  oil 
will  warrant  us  to  conjedfure  as  to  other  forts,  we 
may  fay  that  oils,  whether  they  be  preded  from 
fruits,  kernels,  or  feeds,  or  be  diddled  by  a  chy- 
mical  fire,  do  all  of  them  exhibit  phofphorie 
appearances.  One  of  thefe  oils,  was  oil  prefTed 
from  olives  :  the  other  was  diflilled  from  annifeed. 
Both  of  them  Ihone  by  the  fun’s  rays  only,  but 
not  till  they  were  froze.  From  whence  it  might 
eafily  be  fufpefted  that  other  oils  would  likewife 
fhine  in  the  fame  circumftances. 

29.  At  length  we  fliall  turn  our  difcourfe  to 
animals.  It  was  faid  in  the  former  part,  that  animals 
were  as  good  phofphori  as  foffds  or  vegetables  ; 
but  that  this  quality  was  confined  to  thofe  parts 
of  animals  which  conffled  entirely  of  an  earthy 
principle,  hardened  into  folidity.  And  that  in  other 
parts  it  was,  by  the  mixture  of  fat,  extinguifhed  ;  or 
at  lead  greatly  weakened.  But  I  find  by  my  prefent 
experiments,  that  although  this  power  be  weakened 
by  the  oleaginous  principle,  yet  it  is  not  entirely 
extinguidaed.  For  which  reafon  thofe  parts  of 
bodies,  which  I  have  formerly  called  dark,  are  to 
be  reckoned  only  as  lefs  fplendid,  and  not  dark. 
By  which  means,  whatever  difagreement  may  ap¬ 
pear  between  the  former  obfervations  and  the  pre¬ 
fent,  will  be  eadly  reconciled.  All  parts  of  animals, 
therefore,  do  admit  the  light.  Some  with  eafe, 

others 
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others  with  difficulty.  Of  the  former  fort  are  fuch 
parts  as  feem  to  grow  out  of  bodies  :  as  horns, 
hoofs,  and  hairs  of  quadrupeds ;  the  feathers, 
beaks,  and  talons  of  birds  :  but  the  fcales  of  fiffi, 
are  faint  phofphori  :  though  the  ffiells  of  certain 
ffiell-fifh  are  bright  ones,  as  was  obferved  before. 
I  formerly  imagined  that  the  folenes,  and  the  fins 
of  fiffi,  and  the  unguis  odoratus,  did  not  ffiine  : 
but  they  are  phofphori,  though  faint  ones.  The 
hook  of  an  elk  will  ffiine,  if  the  rays  pafs  through 
a  lens,  and  fall  upon  the  brightefi;  parts  of  it. 

30.  Upon  taking  off  the  hairs  and  feathers  of 
land  animals,  and  birds,  the  epidermis  is  obferved 
to  be  phofphoric.  The  hides  of  quadrupeds,  as 
well  raw  as  dreft,  and  even  though  they  be  of 
deep  colours,  are  phofphori.  So  is  the  ffiin  of 
birds,  efpecially  in  thofe  places  that  have 
leaft  fat,  or  are  lifted  up  by  the  bones  :  for  in 
thofe  places  the  ffiin  is  moft  lean.  For  it  is  a- 
general  rule,  that  all  membranous  and  nervous 
parts,  or  rather  whatever  approaches  to  that  glu¬ 
tinous  nature,  wherewith  thefe  animals,  when 
living,  abound,  is  very  favourable  to  phofphoric 
appearances.  Inftances  may  be  given  in  teeth, 
bones,  and  horns,  that  are  boiled  up  and  reduced 
into  the  form  of  ice^ :  likewife  in  cakes  of  port¬ 
able  meat  foup  :  alfo  in  the  concretion  formed  by 
the  cerum  of  the  blood,  upon  evaporating  the 
aqueous  part  :  and,  laftly,  in  that  tough  and  yel- 
lowilh  coat  that  grows  upon  the  blood  ^  which 
is  taken  from  patients  in  high  inflammatory  fe¬ 
vers 
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<rers ;  for  all  thefe  bodies,  without  the  application 
of  fire,  are  pretty  ftroeg  phofpliori.  Thou^  it 
is  true, -that  this  quality  is  improved  byhre,  yet 
it  exifts  without  it.  If  I  had  known  this  when 
I  recommended  the  roafling  of  thefe  fubftances, 
I  (hould  certainly  have  mentioned  it,  left  it  might 
have  been  imagined,  that  becaufe  I  propofed  arti¬ 
ficial  means,  that  therefore  thefe  bodies  were  not 
naturally  phofpliori. 

31.  The  flefti  of  animals  feems  to  be  the  leaft 
phofphoric  of  all  their  parts.  For  which  realbn, 
in  my  firft  paper,  1  did  not  reckon  any  of  them 
phofphori,  except  white  meats  and  thofe  roafted. 
For  I  doubted  fo  much  with  refpedt  to  brown 
meats,  which  colour  I  knew  to  be  oppofite  to 
phofphorifm,  that  I  paid  no  attention  to  them. 
And  if  I  had  obferved  them,  as  my  apparatus  was 

.  .  then  fo  imperfedl,  I  believe  I  could  have  made 

of  them :  fo  languid  and  tranfient  is  even 
that  light  which  they  receive  from  the  ftrongeft 
fun-beams.  It  is  otherwife  as  to  bones.  'But  in 
this  relpe(ft  I  have  nothing  to  add  to  what  was 
before  written.  It  is  now  fhewn,  that  all  the 
j  folid  parts  of  animals  are  phofphori.  And  if  any 
of  them  fhine  with  difficulty,  this  may  be  lef- 
fened  by  drying  them  properly,  as  was  before  ob*- 
ferved  of  vegetables. 

32.  With  refpedt  to  animal  juices,  I  fhould 
imagine  that  they  are  all  phofphoric,  fince  I  have 
at  length  difcovered  that  milk  and  fat  are  fo, 
though  I  had  formerly  been  of  opinion,  that  milk 

was 
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was  obfcure,  at  leafi:  fo  long  as  it  continued  fluid : 
and  that  fat  extinguifhed  the  phofphoric  qualities 
of  bodies-,  or  at  lead;  weakened  them.  Whoever 
choofes  to  try  experiments  upon  milk,  mufl  make 
ufe  of  thofe  cautions  before  laid  down,  with  re- 
fped:  to  experiments  upon  liquids  in  general :  and 
with  refpedt  to  animal  fat,  I  fhall  content  myfelf 
with  the  obfervations  juft  now  made  upon  vegeta¬ 
ble  oils  ;  that  is  to  fay,  they  muft  be  hardened  by 
the  cold  :  for  if  they  receive  the  leaft  moifture, 
their  fplendor  will  be  entirely  loft. 

33,  Having  found,  by  the^  foregoing  obferva¬ 
tions,  and  many  others,  (which,  to  avoid  prolixity, 
I  have  not  mentioned)  that  this  phofphoric  qua¬ 
lity  was  fo  widely  diffufed  amongft  animals,  I 
began  to  conftder,  whether  living  animals  were 
endued  with  that  power  which  I  had  feen  in  the 
different  parts  of  dead  ones.  For  I  could  fee 
no  reafon  why  Nature  fhould  have  denied  this^ 
quality  to  living  bodies,  feeing  that  fhe  had  be- 
ftowed  it  upon  fuch  as  wanted  fenfe  and  life. 
But  this  imagination  of  mine,  though  it  was  fup- 
ported  with  probability  and  analogy,  yet  it  had  not 
any  clear  and  certain  experiment  to  authorize  it. 
Moreover,  no  fuch  obfervation  could  be  made 
without  changing  my  firft  method  of  obferving, 
and  making  myfelf  the  objed  of  my  own  experi¬ 
ment.  I  had  fubftituted  the  double  curtain  in 
the  place  of  my  cylindrical  tympanum,  as  before 
mentioned.  By  means  of  this  contrivance,  it  was 
in  my  power  to  thruft  out  my  naked  hand,  or 
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arm,  and  to  bring  it  back  into  the  place  of  ob- 
fervation  at  pleafure.  It  will  be  eaiily  underftood, 
that,  in  the  common  courfe  of  my  experiments, 
I  mud:  have  feen  any  fplendor  that  might  happen 
to  remain  upon  my  hand. 

34.  And  in  truth,  when  I  firft  began  to  ule 
my  new  apparatus,  I  faw,  to  my  apprehenfion, 
fome  faint  traces  of  light  upon  my  fingers,  efpe- 
cially  at  the  fides  and  ends.  I  was  pleafed 
with  the  novelty  of  the  appearance,  but  not  fo 
entirely  pofiefled  with  it  as  to  give  immediate 
credit  to  my  fenfes.  For  which  reafon  I  care¬ 
fully  repeated  the  experiment,  by  expofing  fome- 
times  one  part  of  my  hand,  and  fometimes  ano¬ 
ther,  to  the  light,  by  obferving  it  in  the  dark 
with  the  utmofi:  care,  in  order  to  difcover  whe¬ 
ther  the  light  would  follow  the  various  bendings 
of  my  fingers,  or  the  fiiaking  of  the  whole  hand, 
by  a  confiant  adhefion  to  the  fame  parts  :  in  fiiort, 
by  comparing  together,  with  the  utmofi:  exadt- 
nefs,  the  eficdt  of  ail  my  obfervations  this  diligence 
was  very  fuccefsful,  and  I  found  my  firfi  conjecture 
confirmed. 

35.  But  although  the  exifience  of  this  light 
was  quite  certain,  yet  I  found  myfelf  involved  in 
a  new  quefiion ;  namely,  whether  the  light  re¬ 
dded  in  the  fkin,  or  in  fome  fubfiance  upon  the 
fkin ;  for  I  well  knew  that  bodies,  which  were  of 
themfelves  dark,  will  become  phofphori,  upon 
being  rubbed  with  a  very  fmall  quantity  of  duft; 
and  will  return  to  their  original  darknefs,  upon 
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the  duft  being  wiped  ofF.  And  I  Well  remember> 
that  I  had  been  very  near  determining,  that  fome 
metallic  maffes  were  phofphori>  when  I  was  mif- 
led  by  fuch  an  appearance.  I  knew  too  that  the 
hands  very  eafily  contradi  dirt,  by  handling  bo¬ 
dies.  And  although  the  flein  be  not  made  foul 
by  forei^  fubftances,  yet  it  has  in  it’s  own  tex¬ 
ture,  even  in  the  niceft  perfon,  a  principle,  by 
which  it  acquires  filth.  For  it  naturally  becomes 
greafy,  by  the  perpetual  effufion  of  certain  fat 
matter,  which  fometimes  becomes  dry,  and  afihmes 
the  form  of  feurf ;  which  lafi;  fubflance  I  had 
before  found  to  be  phofphoric.  This  made  me 
fufpedt,  that  this  fat  fubftance  might  fhine  when 
it  lay  upon  the  fkin  in  a  febatious  form,  although 
it  was  imperceptible  to  the  fight  ;  and  confe- 
quently,  that,  if  the  human  fkin  does  Ihine,  it 
is  not  by  it’s  own  light,  but  by  that  of  another 
fubfiance.  This  fufpicion  was  ftrengthened,  by  the 
-entire  extindlion  of  the  light,  as  often  as  the  fin¬ 
gers,  or  the  whole  hand,  were  dipped  in  warm 
water  ;  and,  on  the  other  fide,  this  fufpicion 
was  lefiTened,  by  confidering  the  exquifite  cleannefs 
of  the  hand  before  fuch  wafhing^  and  confider¬ 
ing  further,  that  this  fplendor  was  fo  vivid,  and 
fo  widely  diifufed,  that  it  feemed  impofllble  to 
aferibe  it  to  fo  minute  a  quantity  of  dirt  as  was 
imperceptible  to  the  fight. 

36.  When  I  was  in  this  uncertainty,  and  in 
great  idoubt,  occafioned  by  the  arguments  I  have 
juft  now  mentioned,  it  happened,  about  the  mid- 
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die  of  December  lad  year,  that  my  hand  was 
obferved  to  fhine  with  an  unufual  fplendor  |  al- 
thougli,  in  the  judgment  of  another  obferver, 
who  was  prefen t,  it  appeared  to  be  all  over  as 
clean  as  poffible.  I  walhed  it  feveral  times  ;  I 
wiped  it,  and  expofed  it  again  to  the  fun  ;  and  found 
it  not  at  all,  or,  a  very  little  impaired  in  it’s  bright- 
nefs,  which  it  retained  even  when  wet.  Both  wet 
and  dry  it  was  often  expofed  to  the  lens ;  on  the 
back ;  on  the  hollow,  which  laft  had  generally 
appeared  dark ;  on  the  ball  of  the  thumb ;  and, 
laftly,  on  the  tops  of  the  fingers.  All  thofe  places 
fiione  very  much,  efpecially  the  tops  of  the  fin¬ 
gers,  and  of  the  thumb  in  particular  :  and  it  was 
obferved  that  the  tops  of  the  fingers,  and  fome 
other  parts  of  the  hand,  Ihone  brighter  for  being 
prefied  clofe.  From  which  it  was  inferred,  that 
the  diiferences  of  the  light,  mentioned  before, 
follow  the  dijfferent  fi;ates  of  the  Ikin,  and  do  not 
depend  upon  the  accretion  of  any  foreign  fub- 
fiiance :  and  certainly  fometimes  the  whole  light 
was  extinguifhed  by  the  fimple  immerfion  of  the 
hand  in  warm  water ;  which  was  fo  flight,  that  it 
could  only  foften  the  hand,  but  not  walh  off  any 
dirt  that  might  be  upon  it  }  and  upon  many  occa- 
lions  it  has  been  obferved,  that  foftnefs  is  oppofite 
to  the  phofphoric  quality,  and  that  drinefs  is 
favourable  to  it. 

37.  But  at  length  a  favourable  leafon  cleared 
up  this  doubt,  which  my  greateft  induflry  had 
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ferved  only  to  increaf^'and  confirm.  For  in  the 
beginning  of  lafc  January  I  returned  to  thefe  ex- 
pen  me  its,  and  obferved,  -that  my  whole  hand, 
and  the  furface  of  my  arm,  were  brighter  than 
they  had  ever  been  before.  For  the  places,  that 
had  flione  before,  were  now  brighter  ;  and 
fuch  places  as  had  been  dark,  now  exhibited  a 
confiderable  light.  No  external  caufc  could  be 
difcovered.  The  hand  and  arm  were  perfedbly 
clean.  The  caufe  therefore  muft  be  in  the  ilein. 
But,  upon  the  mod;  diligent  confideration,  there 
could  be  nothing  unufual  that  could  affedt  the 
lldn,  except  what  arofe  from  the  extraordinary 
change  which  had  happened  in  the  weather  :  for, 
at  the  time  of  thefe  lall;  experiments,  there  was  a 
mod  fevere  frod; ;  and  every  body  knows,  that  the 
dcin  becomes  rough,  hard,  pallid,  and  lean,  in 
frofty  weather  j  and  it  is  as  well  known,  that 
bodies  with  thefe  qualities  are  difpofed  to  be 
phofphoric.  And  thus  this  doubt  was  cleared, 
and  the  human  fkin  proved  upon  good  grounds  to 
be  phofphoric. 

38.  nnd  now  we  have  gone  through  the  feveral 
kingdoms  of  animals,  vegetables,  and  fodils  of  the 
vifible  earth  :  and  having,  by  this  means,  daewn 
the  general  prevalence  of  Jyhofphoric  appearances 
in  all  bodies,  there  feems  to  be  a  natural  end  of 
what  was  at  fird:  propofed.  For  I  never  propofed 
more  in  thefe  enquiries  than  to  fearch,  as  far  as  I 
was  able,  into  thefe  wonderful  natural  appearances;, 
leaving  their  hidden  caufes  to  be  difcovered  by  per- 
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fons  of  better  abilities.  This  lafl  is  the  province 
of  parts  and  ingenuity,  in  'which  refpedls  I  am 
fenfible  of  my  own  weaknefs.  Though  I  pretend 
to  fuch  merit  as  may  arife  from  induftry  and 
diligence.  Neverthelefs,  in  order  to  be  as  ufeful  to 
philofophers  as  may  be,  I  intend  to  contract  the  ob- 
fervations,  hitherto  made,  into  a  few  general  heads; 
to  point  out  their  connedlions,  and  their  confe- 
quences  ;  to  propofe  fome  conjedlures,  if  I  find 
room  for  them ;  to  move  fome  quefiions,  with  a  view 
of  inducing  others  to  fpeculate  upon  thefe  points : 
and  laftly,  I  fhall  infert  fome  new  obfervations  in 
order  to  flrengthen  the  foregoing,  or  to  open  the 
way  to  new  ideas.  And  having  gone  through 
thefe  points  with  all  the  diligence  in  our  power,  wc 
fhall  put  an  end  to  this  whole  enquiry. 
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